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ABSTRACT

The design of a Self Evacuating Multilayer Insulation (SEMI)
system for a 10 ft. (3.05M) diameter by 20 ft. (6.1M) long liquid
hydrogen tank is described. The design, fabrication and testing of
a model system (30 inch (,76M) in diameter) simulating the full size
insulation system is also presented. Model system testing included
both thermal and structural evaluations. Thermal tests, using
liquid hydrogen, were performed at NASA Plumbrook Station, "K" site
Sandusky, Ohio while the structural tests were performed at NASA
Goddard Space Flight Center, in the Launch Phase Simulator Facility,
Greenbelt, Maryland. The SEMI system was subjected to a combined
launch vacuum profile to simulate a typical launch profile. The
system performed as designed. The SEMI system materials, consisting
of composite layers of rigid open cell polyurethane foam and double
aluminized Mylar radiation shields were unaffected by the dynamic
testing. A heat flux of 1.3 Btu per hour (4.1 Watts per M?2) was
measured before and after the dynamic tests. The three panel, 18
radiation shield system offers a lightweight (0.39 1b./ft2, 1.9
Kg/M2) cryogenic insulation.

The work was performed under contract NAS 3-12045 and
reported in CR-72856.
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1.0 SUMMARY

The objectives of this program were (1) to design a full scale
lightweight self evacuating multilayer insulation (SEMI) system for liquid
hydrogen tankage considering thermal and structural loads, and (2) to design
and fabricate a scale model of the full scale system for thermal and structural
evaluation tests

A SEMI system was designed for a so called "full size'" tank,
namely a tank 10 feet (3.05 M) in diameter by 20 feet (6.1 M) in length with
hemispheric heads. For evaluation, the tank also included an inner skirt
support interstage structure) insulated with polar panels, The structural
and thermal loadings imposed on the insulation system were determined during
the design phase.

A scaled down version of the full size insulation system
referred to as the "model system" was designed and fabricated by UCC Linde
Division. The insulation system consisted of carbon dioxide (COs) filled
panels composed of seven composite layers of open cell rigid polyurethane
foam spacers and six aluminized Mylar radiation shields enclosed in a 4=-ply
aluminized Mylar composite casing, protected against air exposure by use of
an impermeable Mylar aluminum foil composite at all external air exposure
surfaces. The scale model insulation system was of a three layer design
with panels circumferentially wrapped on the cylindrical portion. The
forward bulkhead and simulated skirt section was insulated with panels
installed in a polar shingle fashion. The panels were attached to each
other and to the tank using VELCRO fasteners. Panel to panel seals were
completed with a foil tape, and edge sealed with silicone rubber. The tank
used for this effort as well as the handling cart was designed, fabricated
and proof tested by UCC Linde Division. Vibration testing of the bare tank
was performed by Dayton T. Brown Test Laboratory,

Subscale testing performed to evaluate system components included
vibration testing of 12 inch (.305 M) by 18 inch (.45 M) SEMI panels; quality
control checks on casing materials, foam spacers, and radiation shields; and
evaluation of VELCRO attachments.

Thermal testing of the model system was performed at NASA Plumbrook
Station, Sandusky, Ohio, and dymanic testing was performed at NASA Goddard Space
Flight Center, Greenbelt, Md. After dynamic and thermal testing the Model
System at NASA facilities, Linde performed the post test evaluation at NASA Lewis
Research Center, Cleveland, Ohio.

The system performed as designed with the thermal performance be-
ing the same when measured before and after the dynamic tests (dynamic testing
was a combined acceleration, vibration, accoustic and launch vacuum profile
evaluation). A heat flux of 1.3 Btu per hr. £t.2 (4.10 watts per MZ) was measured
for both tests in the space condition "insulation recovered" mode, (See Section
4.2.3.3). This performance was slightly better than that predicted by the



computer program using flat plate data, corrected for panel edge effects.
During dynamic testing, pressure build-up behind the panel (of an unknown
cause) resulted in casing failure on two panels, and minor spacer damage
to one of the panels. Except for this damage, the system functioned
nominally in both mechanical and thermal performance.



2.0 ITNTRODUCTION

Storage of cryogenic liquids plays an important role in the
further exploration of space. Development and utilization of a light weight
high performance insulation is necessary to reduce launch lift off weights,
thus permitting extended space missions without suffering excessive weight
or thermal penalties. Aware of these requirements, Union Carbide Corporation,
Linde Division, under the direction of the NASA's Lewis Research Center at
Cleveland, Ohio, has been working on the development of a Self Evacuating
Multilayer Insulation (SEMI) system for the past few years. This report covering
work performed under contract NAS 3-12045, is a logical extension of the previous
work performed by UCC Linde Division on contracts NAS 3-6289 (Ref. 1) and
NAS 3-~7953 (Ref. 2), in that it provided an evaluation of the SEMI system
exposed to a launch environment, including combined vibration, acceleration,
accoustics and vacuum profile, (pressure decay during simulated lift off).
System evaluation consisted of visual observation for damage as well as
thermal performance testing with liquid hydrogen, before and after dynamic testing.

The SEMI system consists of the following components, a vacuum
tight casing or bag, open cell rigid urethane foam spacers, highly reflective
double aluminized mylar radiation shields and a cryopumpable fill gas (Coleman
grade carbon dioxide, GOg). In order for a cryopumpable insulation to become
operable, a portion of each panel must contact the cryogenic surface in order
that upon cooldown of the vessel, the gas cryopumps on the cold end of the
panel, thus reducing the pressure of the panel to the vapor pressure of the
gas commensurate with the temperature of the cold surface. Furthermore, for
each panel to contact the cold tank surface, the panels must of necessity be
shingled. UCC has investigated cryopumpable shingled three layered system of
panels, as illustrated in Figure 1 and 2.

This program was divided into two major areas, namely design
of a full scale insulation system for a 10 ft. (3.05 M) diameter by 20 ft.
(6.1 M) long tank, and design, fabrication and post test evaluation (after
completion of the NASA performed test phase), of a model insulation system 30
inches (.75 M) in diameter.

The full scale insulation system design effort was performed to
investigate panel layouts and attachments, in relation to thermal performance, as
well as the structural requirements and capabilities of the SEMI system. 1In
support of the analysis, several small scale tests were performed to provide
needed test data. A complete writeup of the full scale insulation work is pre-
sented in Section 4.1.

A similar investigation, including the design, fabrication, and
testing of a model system that simulated the full scale insulation system was
performed. The purpose of testing a model system (and chief purpose of this
contractural effort) was to determine if any thermal degradation of the SEMI
system occurred following exposure to the complete launch environment. A
complete write-up on the model system and related hardware efforts is

presented in Section 4.2,
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Thermal testing of the Model system was performed at "K" site,
Plumbrook Station, Sandusky, Ohio, and dynamic testing was performed in the
Launch Phase Simulator, at Goddard Space Flight Center, Greenbelt, Maryland.
Testing of the model system at both of the previously mentioned NASA facilities,
was performed entirely by NASA personnel.

The work on this contract was performed under the direction of
the National Aeronautics and Space Administration Chemical Rockets Division,
Lewis Research Center Cleveland, Ohio. The technical monitor was Mr. James R.
Faddoul. The UCC Linde Division program manager was Mr. G.E. Nies.

Other Linde Division personnel contributing to this effort includ-
ed Mr. L.R. Niendorf, Mr. L.K. Eigenbrod and Mr. E.S. Kordyban (structural
analysis), and Mr. L.D. Potts and Mr. D. Suckow (thermal analysis).



3.0 DISCUSSION OF RESULTS

The design of a Self Evacuating Multi Layer Insulation (SEMI)
system for a large liquid hydrogen (LH) tank was completed. As a result of
this study, it can be stated that a SEMI system consisting of reasonably sized
panels could be installed on LHy tankage, and that furthermore the overall
performance of SEMI panels is not extremely sensitive to the ratio of the
edge perimeter/panel area for large panels. A performance of 0.6 Btu/hr.-ft.
(1.9 watts/M2) and 7.45 Btu/hr,—ft2 (23.47 watts/M2 ) for the recovered and
compressed insulation condition respectively was determined to be achievable
for this size of tankage, ‘10 ft. (3.05 M) diameter x 20 ft. (6.1 M) overall
length).

2

A ratio of 4 square inches (.002 Mz) of VELCRO closure per ft,2
(.09 M) of SEMI panel was determined to provide acceptable casing stress levels
for the expected 8.5 g combined longitudinal launch loadings.

Thermal and dynamic testing of the SEMI insulated Model Tank,
designed to simulate the full size SEMI system was completed. Testing of the
Model System indicated nominal thermal performance for the insulation prior to
and after the dynamic environmment., An un-explainable pressure build-up behind
the panels, (between the panels and the tank) resulted in casing failure on
two of the eight ciircumferential panels, including minor spacer damage to one
of the two failed panels. The remaining six circumferential panels did not
appear to have suffered any damage during the combined simulated launch test
program. During disassembly, it was noted that the circumferential panels, with
the exception of the panels damaged by the over pressure, were still intact.
The three polar panels were failed, however that was also attributed to
overpressure behind the panels. The foam spacers and shields suffered no
damage during tests. A heat flux of 1.3 Btu/Hr.-Ft. 2 (4.1 watts/M2) was
measured in thermal tests of the recovered insulation system, i.e. space condi-
tion, before and after the dynamic testing.

Sealing between panels, and maintaining the space behind the
panels was again a troublesome area. With the present techniques, this
operation is time consuming and quite prone to failure. Failures can occur as
a result of folds in the casing materials, cracking of the seal material upon
exposure to near cryogenic temperatures, or cracking due to casing flexure upon
evacuation. Sealing between panels requires additional development effort in
the future. :

3.1 _ Conclusions

The SEMI system of cryopumpable pre-fabricated panel
insulation is definitely applicable to hydrogen tankage. This was demonstrated
thermally in contracts NAS 3-6289 and NAS 3-7953, and again under this contract,
where it was also demonstrated that the thermal performance and the SEMI system,
is unaffected by the rigors of launch.



Using VELCRO closures to attach the panels to each other
and the tank has been demonstrated to be an acceptable technique. However, the
resistance of the 4 ply Mylar casing material to delaminate under the peel
stress from the VELCRO should be investigated and improved if possible.

Several delaminations occurred at disassembly, (Post Test Evaluation) although
there was no evidence of delamination during dynamic testing.

The insulating materials, namely, double aluminized Mylar
radiation shields and the thin sliced rigid open cell polyurethane foam spacers,
are acceptable for service in vibratiom, acceleration and accoustic environments.

One- definite problem exists, and that is that a method of
satisfactorily sealing between the panels must be developed if the SEMI system
is to be successfully applied, especially if re-usable vehicle requirements
are to be met.



4,0 ANALYSIS AND TEST PROCEDURES

4,1 Full Scale Insulation System Design

One objective of this program was to design a Self Evacuating
Multilayer Insulation system (SEMI) for liquid hydrogen (LHy) tankage. Specifically,
the design was for a LHp tank, 10 feet (3.05M) in diameter by 20 feet (6.1M) long,
employing an inner stage skirt at one end.

The SEMI system was developed by UCC, Linde Division under
contracts NAS3-6289 and NAS3-7953. 1In the present form, it consists of 6 radia-
tion shields and 7 thermal spacers enclosed within a flexible casing. This bag is
filled with Carbon Dioxide gas at atmospheric pressure, which upon exposure to
cryogenically cooled surface will condense to a solid state, exhibiting a vapor
pressure of less than 0.1 micron {1 x 10"4 torr). (The pressure of pure Carbon
Dioxide is 1 x 108 torr at liquid nitrogen temperature =320°F, (77°K.)).

The panels are installed in a three layered shingled fashion.
This permits each panel to contact the cryogenic surface, thus producing the
necessary cryopumping phenomena. This system provides an insulation with mini-
mum heat transfer by radiation, solid conduction and convection for both ground
hold and space conditions, but without the vacuum pumping or purge equipment
associated with other systems. The following subsections will describe "the
design work performed in the areas of panel layout, panel thermal analysis and
panel structural analysis. More complete write ups on the structural and thermal
analysis are included in the appropriate referenced appendices.

4,1,.1 Panel Lavout

Panel configurations for the Full Scale Insulation System
are divided into three major groupings according to tamk area covered:

(A) Polar shingled panels. (For use on tank heads).

(B) Support skirt or inner skirt panels. (For use on
tank skirt).

(C) Outer or circumferential panels. (For use on tank
circumference)

Several panel layout configurations (see Figure 3) have been
determined for each of the three areas. In Figure 3 the column heading "Panel
System” refers to the number of panels that are required to complete one layer .of
panels on the tank for that particular section. To complete a 3 layered system,
three times as many panels are required. For example under Section A, polar
panels, sizes for a 3 panel, 6 panel and 9 panel system are listed. Final choice
of a panel system for this section from the three available 'Panel Systems"
listed in Figure -3 would then be evaluated based upon achieving a design that
allows economic and realistic panel sizes in regards to handleability and maximiz-
ing the thermal performance. This same explanation holds true for the Inner Skirt



FIGURE 3

PANEL CONFIGURATIONS - FULL SCALE INSULATION

TASKI~- NAS 3-12045

A. Polar Shingled Panels
60-inch Spherical Radius Panel Total Panel Size (Inches)
System Panels R'ad AA BB CC

3 3 109 82 44
6 6 55 41 22
9 9 36 27 - 15

Panel System 3 6 9

44 22 15

82 41 27

109 55 36

119 60 40

'/‘fz ; 126 63 42

— - 126 63 42

— 126 63 42

- 82 41 27

109 55 36

119 60 40

126 63 42

I ‘ - 126 63 42

} O e - -
i - 109 55 36
20 l/ 4/\ T /‘2 S : 119 60 40
FF 4 — AL ; ' — 126 63 42

_,J L) _
Total Panels Required 9 18 27

Panel Width - Inches..



FIGURE 3 (Cont‘d.)
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panels (Section B) and the Circumferential panels (Section C). This does not imply
that only like panel systems from the various sections can be used in the final
design. What this does mean is that panels having dimensions similar to that of
A" (A, Figure 3) will require that number of panels wrapped in polar fashion to
provide the necessary three layered shingled polar cap insulation. For example,
using Section A, a three panel section of polar caps could be combined with a

six panel system for the inner support skirt (Section B) and the twelve or eighteen
panel system for the outside circumferential panels (Section C). Likewise in
Section B, panel style FF in any configuration is only 20 inches (.51M) wide, and
therefore, it is quite feasible to use the three panel system for FF (panel size

20 in x 126 in) (.51M x 3.2M) while using the nine panel system for style DD
(panel size 42 in x 86 in) (1.07M x 2.18M) in order to permit utilizing larger
panel sizes,

In regards to sizing the circumferential panels, Section C,
the panel system number must be an even number i.e. 4, 6, 8 etc. in order that
the three layered and the stepped end conditions can be accomplished. The panel
stepped end is an attempt to match the panel temperature profile to that of the
support skirt. In order to maintain a half lapped joint configuration to reduce
radiation losses, every other pamel (style HH) must be half again as long as
its adjacent panel (style GG).

4,1.2 Thermal Analysis

The thermal performance of a shingled insulation system
for hydrogen tankage with an interstage support skirt was analyzed. For
purposes of the analysis, the tank is regarded as a cylinder, 10 ft. (3.05M)
long and 10 ft. (3.05M) in diameter, with hemispherical heads. The overall
length is 20 ft. (6.1M).

The analysis of such a system is complicated by the fact that
only a portion of the heat influx occurs in the ordimary manner through the
panels, Indeed, except near the edges, conductivities of such insulation panels
in a direction normal to their radiation shields are generally very low and if
all heat influx could be confined to this mechanism, the insulation task (and
problem of analysis) would be minimal. Panel edge effects would be strictly
local in character and mighf be rendered insignificant by discrete stacking of
the panels to conceal the butt joints. In fact, however, even though the panels
are carefully overlapped to minimize edge effects, the casings and radiation
shields provide alternative heat paths which, through comparatively long and
tortuous, become significant because of the relatively high lateral conductivities
involved. Thus, the edge effects are by no means local, and analysis of such a
system is a fully three dimensional problem of vast scope, complicated because
of its highly implicit character; the thermal flux at any point generally depends
on temperatures everywhere else in the system. Mathematically, this means that
the analysis requires enormous sets of simultaneous equations, The associated
problems of data storage and round off error are nearly inseparable unless we
exploit the structure of the system, to "whittle” the problem down to a tractable
size.

12



There is, of course, a close analogy between the actual physical
structure of the system and the mathematical structure of the governing equations.
Thus, even before writing down any equations, we can effect most of our economics
via physical observations. The first thing to be noted is that, because of long-
itudinal symetry, we need analyze only half of the actual system. Thus, we can
imagine a plane normal to the central axis and passing through its midpoint. The
intervention of this plane with the insulation layers can be interpreted as an
adiabatic boundary.

Next to be observed is that the insulation temperatures will
possess some periodicity in a circumferential direction, depending on the manner
in which the panels are wrapped. Thus, panels on the cylindrical portion are so
overlapped circumferentially that the structure repeats itself every 60° for the
6 panel system. Similar periodicities exist in the hemispherical portions, but
here a wider variety of panel sizes can be employed; depending on the panel size,
periodicities of 30°, 60°, or 120° may prevail in the structure. It seems need-
less to analyze more than one basic interval in the circumferential direction,
but it should be noted that the cylindrical and spherical portions interact and
thus may display temperature periods which are multiples or fractions of their
basic physical periodicity.

A possible simplification suggests itself here, however,
related to the way in which the cylindrical and spherical portions are physically
joined. Indeed, the insulation panels of the cylindrical portion nowhere directly
contact those of the hemispherical portions; at their apparent junction they are
separated by the fiberglass support skirt. Because it is relatively thick
(0,068 inch) (1.5 x 10™3M) and conductive (0.2 Btu/ft. hr °F. (1.25 x 103 joule
per M“ sec®K), the skirt should indeed act to attenuate the periodic behavior
of temperatures in circumferential direction. Thus, it seems reasonable to
regard the fiberglass as an infinitely good conductor in the circumferential
(not, of course, the longitudinal) direction. In this way we can dispense with
interference of periodicities between temperature patterns in the cylinder and
head. Any small error introduced by this assumption regarding conductivity of
the fiberglass skirt will be on the conservative side, i.e,, it will tend to
over estimate heat leak into the system. The skirt assumption is strategic in
more ways than one, as will be shown.

Thus in summarizing, a program was prepared, expressing the
heat transfer terms of temperatures along the fiberglass support skirt, which is
a common and logical interface between the circumferential and the polar shingle
panels, it was more simple to write a new program rather than attempt to rewrite
the program used in the previous calorimeter amalysis from NAS 3-6289., The polar
panel program analysis from contract NAS 3-7953 was modified to account for the
cylindrical support skirt rather than the conical support structure used on that
contract. A brief description of these changes are listed below;

The technique for computing the temperatures within the
insulation system on the hemispherical ends and inside surfaces of the support
skirt is outlined in Appendix No. 5, NASA CR 72363, which describes an earlier,

13



similar analysis on the 82.6 inch (2,09M) spherical tank. The technique essentially
consists of setting up a finite-difference mesh within the insulation and discretiz-~
ing the steady-state Fourier heat conduction equation-at each mesh point, thereby
generating a system of linear equations. Since the coefficient matrix for this
system of equations is block-tridiagonal, the equations can be solved using a
matrix analogue of the Gauss Elimination technique for tridiagonal systems.

The essential differences between the two analyses are described
below. In the original analysis, the temperatures within the support structure
were unknown and variable in the circumferential direction. In the present analysis,
these temperatures are assumed to be independent of circumferential position and
to vary linearly between ambient and cryogenic. These temperatures are thus known
and serve as boundary conditions for the system of equations. Also, whereas the
original analysis includes the insulation on two hemispheres plus both sides of
the support skirt, the present analysis only includes one hemisphere and the
inside surface of the skirt. (The outside of the skirt is part of the cylindrical
analysis.)

In both analyses, the insulation system divides into ''zones™
due to the changing overlap configuration. The hemisphere insulation divides
into four zones, the skirt insulation into three. However, in the original
analysis the number of longitudinal mesh positions was fixed at two per hemi-
sphere zones and one per skirt zone for a total of 11. 1In the present analysis,
the number of positions is variable from 1 to 10 for all zones. Also, the
angular distance between circumferential mesh positions has been halved in the
present analysis, from 15° to 7-1/2°, thus permitting a finer mesh and consequently
more accurate results.

Computer results of three systems of various panel sizes,
(Panel sizes are listed in Section 4.1.1) are presented in Table 1., The three
cases as presented are the results of the computer analysis indicating the panel
combinations leading to performance classified in Table 1 under Computer Analysis
as:

a. Best
b. Realistic
C. Poorest

In the "best" performance category, the panel system was
designed to minimize joint heat leak, and use the largest possible panels con-
sistent with achieving a cryopumping design. At the other extreme, the panels
were selected to achieve small panel sizes, thereby providing maximum handling
ease, thus reducing thermal performance. The third case, labeled "realistic”
attempted to achieve cryopumpable design, while considering both handling and
performance requirements in terms of panel sizes.

Results of the computer analysis for the final design
(realistic case) of the full scale insulation shown on Figure 4 (SK-106295) are
4017.2 Btu per hour (1177 Watts) for the compressed case (ground hold) and
323.7 Btu per hour (94.8 Watts) for the uncompressed or space condition. This
is determined to be a heat flux of 7.45 Btu per hour £t2 (23.47 Watts per M2.)
and 0.60 Btu per hour ft.2 (1.89 Watts per M2) respectively. Figure 5 shows
the effect the number of head panels has on performance.
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(A) POLAR SHINGLED PANELS
6 PANEL SYSTEM SHOWN

(B) SUPPORT SKIRT (INNER)
6 PANEL SYSTEM SHOWN

(D) ATTACHMENT

CIRCUMFERENTIAL
SHINGLED PANELS (OUTER)
18 PANEL SYSTEM SHOWN

DIAMETER - 10 FEET
LENGTH - 20 FEET

FULL SIZE SHINGLED INSULATION
SYSTEM FOR HYDROGEN TANKAGE
WITH INTERSTAGE SUPPORT_SKIRT
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(C) OUTER PANELS
(CIRCUMFERENTIAL SHINGLED)
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(D) ATTACHMENT (VELCRO) TYPICAL

2" X 3" STRIPS OF NO. 65
" NYLON VELCRO CLOSURE WITH
~>  SA-0145A COATING.
INSTALL PILE HORIZONTAL,
(CIRCUMFERENT IALLY ON
HOR1ZONTAL SURFACES)
INSTALL LOOP VERTICAL,
(RADJALLY ON HORIZONTAL
SURFACES)

ASSEMBLY NOTES

1'

VELCRO TO BE LOCATED ON EACH PANEL IN SUCH A PATTERN
THAT EACH SQUARE FOOT OF INSULATION PANEL CONTAINS
L IN® OF VELCRO CLOSURE.

DISTANCE FROM CLOSEST EDGE OF VELCRO ATTACHMENT TO
EDGE OF PANEL TO BE 2" T 1/4%,

SURFACE TO BE WIPED WITH METHYL ETHYL KETONE (MEK)

AND ALLOWED TO AIR DRY, PRIOR TO PLACING VELCRO.

VELCRO ADHESIVE BACKING TO BE RE-CONSTITUTED WITH

A SINGLE MEK WIPE, AND ALLOWED TO BECOME TACKY

(APPROXIMATELY 3 MINUTES) BEFORE POSITIONING,

ADHESIVE WILL AIR CURE AT AMBIENT TEMPERATURES AND

PRESSURE IN 24 HOURS. ALUMINUM SURFACES SHOULD BE

MEK WIPED, ABRAIDED WITH A WIRE BRUSH, AND THEN

REWIPED WITH MEK AND AIR DRIED PRIOR TO PLACING

VELCRO AS PREVIOUSLY DESCRIBED, SHEET 4 OF 4

ENGINEERING DEPARTMENT
LINDE
DIVISION OF UNION CARBIDE CORF
TCNAWANDA, N. Y.

FANEYE P
= |AlSK-106295
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TASK 1

19



TABLE 1

CALCULATED FULL SCALE INSULATION PERFORMANGE

AVERAGE HEAT FLUX TOTAL HEAT LEAK
Btu/hr.ft? (Watts/M2) Btu/hr., (Watts)
Compressed Uncom=~ Compressed Uncom-
@1 atm, pressed @1 atm, pressed
I. Computer Analysis (a)
A. Best Performance
(1) Circumferential-12 panel 7.05 .53 3177.4 236.9
(2) Head - 3 panel system 7.95 234 701.4 47.1
TOTAL 7.2(22.7) 53(1.67) 3879.8(1138.0) 284.0(83.3)
B. Realistic (shown SK-106295)
(1) Circumferential-18 panel 7.30 .60 3286.2 270.0
(2) Head -6 panel 8.28 261 731.1 33.7
TOTAL 7.45(23.5) .60(1.89) 4017,3(1177.0) 323.7(94.8) -
C. Poorest Performance
(1) Circumferential-18 panel 7.30 .60 3286.2 270.0
(2) Head - 12 panel 8.96 .82 791.5 72.5
TOTAL 7.58(23.9) .64(2,01) 4077.7(1195.0) 342.5(100.4)
II.  Flat Plate Data (NAS 3-7953) )
(CR 72363 - pg.13)
PT~6 Configuration
TOTAL 6.47(20.4) A3 (4D 3480(1020.0) 70.0(20.5)
@ .01l psi
II1I. Calorimeter (Ref. CR 72363)
Total - Computer(a) - A45(1.42) - 242,0(71.0)
Total - Test 10.0(c)(31.5) .63(1.97) 5384,0(c) (1580.0) 339.5(99.5)
(a) Based on normal conductivity numbers computed from flat plate data.
(b) Flat plat data does not account for edge losses therefore numbers are the theoretical low
limit for this insulation.
(c) Calorimeter data for the compressed case was not obtained at steady state conditions.
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From the analysis, it was determined that panel size variations
do not as greatly influence the performance as was expected. For the panel com-
binations tried, the range of thermal performance of the compressed cases varied
by less than 5% while the uncompressed cases varied by less than 20%. For a com-
bination of panels that are comsidered to be a realistic case, that is based on
panels of a reasonable size, that can be readily fabricated, the total heat leak
was degraded by 5% for the compressed case and 15% for the uncompressed case, as
compared to the best system tried.

Refering to Figure 4 (sheet 3 of 4) it is noted that panels,
Style GG and HH, are stepped along the length direction (L'). The reason for
this is to allow the insulation panel tc assume the desired temperature profile,
thereby having a one layer insulation thickness near ambient, two layers at the
intermediate section and finally achieving the full three layer system at the
cryogenic temperature sections. Different length steps were run on the com-
puter to determine the effect on insulation performance. The results indicate
very little difference between steps of 3, 6 or 9 inches. Apparently, the
thermal resistance approaches a limiting value in a relatively short length.
This was demonstrated by changing the end dimensions of the 12 panel cylindrical
system. The same results would be obtained for the 18 panel cylindrical system,
and for the various head panel systems. It is, however, necessary to provide
a stepped end insulation to establish a favorable temperature profile, to avoid
an excessive heat leak,

4,1.3 Structural Analysis

The structural analysis of the insulation system was
concerned with determining the effect of the launch environment on the panel
casings, attachment points and foam spacers, and to devise a design to pro-
vide sufficient attachment and reinforcements to limit these stresses. The
stresses.considered are a result of a combination of thermal and mechanically
induced loadings, as stated in the following summary. A summary of the results
of the structural analysis of the full scale insulation system is included
below. A complete write-up is included in Appendix 1.

1. Negligible thermal contraction (therefore stress)
occurs in Mylar between 77°K and 20°K and, therefore, it is not necessary to
perform the dynamic tests at Goddard using liquid hydrogen (Narmco adhesives,
to be used in the panels, have previously been in 20°K. service with acceptable
results.

2, The SEMI panels should be attached to the tank face
and each other with VELCRO fasteners rather than adhesive, to allow for
differential thermal contractions between tank and casings.

3. Lateral dynamic loadings of up to 5g and longitudinal
combined acceleration and vibration levels of + 8.5 g will result primarily in
shear stresses on the order of 2.0 psi (1.38 x 1074 newton per M2) which are
easily carried by VELCRO fastener design. Peel forces are expected to be
negligible since the panels are not expected to buckle between VELCRO supports.

To reduce the expected peel forces at the edge of the panels, the VELCRO
fastener should be placed no closer than 2 inches (5.1 x IO'éM) to the panel edge.
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4, An attachment ratio of four square inches (2.4 x 1073 M2)
of VELGRO closure per square foot (9 x 10-2 M2) of panel is required to limit stress.

5. Buckling caused by longitudinal loads is not expected to
fail the foam separators.

6. The panel casing seal stress is not expected to exceed
1.77 1b. per inch (3.1 x 102 newtons per meter) of seal, which is less than the peel
strength of SEMI panel joints.
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4,2 Model System

) An objective of this program was to design and fabricate a
sub scale model of the Full Scale Insulation System, including the design and
fabrication of the test tank. Specifically, the SEMI system was designed for
a 30 inch diameter (.76M) tank, having hemispherical heads, a 22 inch (.56M)
long cylindrical center section and a simulated interstage skirt at one end.

Overall length of the test tank including the support pipe was 70 inches (1.78M).

Although panel sizes, and attachments were scaled to evaluate

* the Full Scale Insulation, the SEMI system remains at 7 thermal spacers and 6
radiation shields enclosed within the 4 ply aluminized Mylar casing. An im-
permeable barrier of Mylar-Aluminum Foil-Mylar laminate was bonded to the air
exposed surface of all panels to reduce air permeation into the panels and
carbon dioxide out of the panels. The following subsections describe the
various design, fabrication and tests of all Model System components.

4,2.1 Design

The following sections describe the efforts expended on
interface scaling, panel layout, thermal analysis, and structural analysis of
the panels, test tank, and related equipment.

4,2,1.1 Interface Scaling

The primary method and purpose of scaling the full size
insulation system to produce a model system for test purposes was to note
particularly the structural aspects, namely panel sized, attachment points,
and loadings due to thermal, mechanical or dynamic conditions, etc. The size
of the test tank was not necessarily the deciding factor in scaling, as the
tank was limited by physical constraints, i.e., test facilities and/or con-
tractural requirements. The objective of this contract, considered the panel
structural analysis to be of primary importance, with the thermal analysis
being used to observe tradeoffs in the insulation system. The expected
thermal performance of both the full size and the model system insulation
designs were calculated. Thermal scaling was not a primary part of the work
effort, but was performed with the understanding that the thermal performance
could not .be completely ignored. Structural performance could not be gained
or improved at the expense of downgrading the thermal performance.

In view of this, certain similarities between the Model
system and the Full Scale System have been observed.

1. Both systems involved a c¢ylindrical tank with
an insulated bulkhead arid interstage skirt at one end.

2, Both systems would be insulated with the same
materials, and the tankage is made of the same materials, and, therefore, the
thermal contraction would be the same.
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3. Both systems utilized three layers of shingled
SEMI panels consisting of seven composite foam layers and six aluminized
Mylar radiation shields in a four ply laminate of aluminized Mylar casing
materials, (Same as employed in contract NAS3~-7953)

4, Panels can be sized such that panel area-to-
joint length ratios of the circumferential panels are similar for both systems.
For example,

Full Size System Model System
System Panel Size Ratio g%%%%—%g%%th System Panel Size Ratio §%%%%'é§%§th
12 Panel 90" x 96" 1.83 4 Panel 38" x 70.5" 1.03
(2.29M x 2.44M) (.97 x 1.79M)
18 Panel 36" x 63" .95 6 Panel 38" x 48" .88
(.91M x 1.60M) (.97M x 1.22M)

5. Observing from item 4, that a 18 panel system
for the full size insulation results in panels of approximately the same size
(36" x 63") (.91M x 1.6M) as the 4 panel model tank system (38" x 70.5") (.95M x
1.79M) it is possible to relate the VELCRO support area~to~SEMI panel area ratios,
as well as making the distance between the VELCRO supports the same for the two
systems.

Likewise, several dissimilarities between the two systems
were noted.

1., Tank size - The Model system is approximately 1/4
size, as dictated by the physical constrainst, namely test facilities.

Full Scale System 10 ft. diameter x 20 ft. long (3.05M x 6i1M)
Model System 30 in. diameter x 68 in. long (.76M x 1,73M)

This zresults in a model system insulation length consisting basically of only
two ends of the full scale insulation system, without the center section of panels,
This compromise does not affect the structural requirements of the model system.
Addition of the center section panels with subsequent smaller panel sizes would
seriously degrade the thermal performance of the model system. The model tank
diameter does provide a different panel curvature and, therefore, might possibly
make the panels stronger due to this increased curvature over that of the full
size insulation. This, however, is a compromise that must be made. The smaller
diameter of the model system also effects the size of the polar panels, and the
length of the insulated skirt, which decreases to 9 in (,23M) for the model tank
as compared to a 34 in, (.86M) insulated skirt on the full size insulation.

2. Because of the different methods of tamk support,

there is no correlation on heat leaks via the piping or support skirt of the
two systems.
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In summary, therefore, the model system tank dimensions
were dictated more as a result of physical testing restraints than as a result
of scale down of the full scale insulation system. The overall length of the
model system tester was limited to 72 inches at the NASA Plumbrook Station
Facility, Sandusky, Ohio. Scaling the two systems for other than geometric
correlation was not feasible. For example, no correlation existed between
the heat leak of the two systems at either the skirt section or fill pipes.
This is because the skirt section of the model system was not designed as a
load carrying structure and, therefore resulted in a much lighter structure
than the full size system. The inverse is true for the fill and drain lines
since the model system was totally supported by a single centrally located
pipe during thermal and dynamic testing as well as during transportation.
Therefore, the model tank was sized by the physical restraints discussed above,
while the insulation system was designed using panels of a similar size as used
on the full scale insulation system, and in general following the same installa-
tion scheme as the full size insulation in regards to attachments, i.e. panel
area to VELCRO attachment area ratios panel-to-panel joints, seals, etc.

Panel Layout - Model System Insulation

As a result of the scaling analysis, the model system used
a four panel insulation system of 38 x 70.5" (.97M x 1.79M) panels which are
similar in size to the full size insulation panels on the 18 panel system.
The head panels (polar shingle panels) and the support skirt panels were not
scaleable, Approximate panel sizes for the model system are listed in Figure 6,

4,2,1.2 Thermal Analysis

In order to predict the performance of the model system, the
computer program written to evaluate thermal performance of the Full Scale in-
sulation system was revised to calculate both ground hold and space conditions.
An additional routine to cover the performance of the insulation system around
the support head was added to the original program (See Appendix 2).

The predicted thermal performance of the model system is
340,0 (99.68) and 66.3 (19.4) Btu per hour (Watts) respectively for the compressed
and recovered space conditions as presented in Table 2. For comparison purposes,
model tank performance calculated using flat plate data and calorimeter data
determined from Contract NAS3-7953 is also included in Table 2. As expected,
the uncompressed data calculated from flat plate and calorimeter tests was much
lower than the computer analysis of the model tank. This is probably attribut-
able to the model tank configuration and is indicative of end condition penalties.
It must be remembered that although these circumferential panels are of the same
size (for structural purposes) as the 18 panel Full Scale Insulation, the over-
all thermal performance is not the same. 1In effect, the model tank thermally
consists only of the two ends of the Full Size 18 panel insulation system. The
accompaning thermal penalties when applied to a much smaller overall panel area,
caused the average panel heat flux to be significantly higher. Likewise, the
uncompressed inner skirt and polar panel calculated data was lower than the com-
puted data for the model tank. This is due to the relative panel sizes, and
subsequent large édge effect penalties which were included in the computer
analysis but were not accountable in the calculations presented using the flat
plate or calorimeter test data.
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FIGURE 6

PANEL CONFIGURATION - MODEL SYSTEM INSULATION
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TABLE 2

CALCULATED_MODEL SYSTEM THERMAL PERFORMANCE

AVERAGE HEAT FLUX TOTAL HEAT LEAK
Btu/hr.ft2 (Watts/M2) Btu/hr. (Watts)
Compressed Uncom-~- Compressed Uncom-
@1 atm, pressed @1 atm. pressed
I. Computer Analysis(a)
Itiner Skirt & Polar Panels 10.5 2.5 69.1 16.5
Circumferential Panels 9.9 1.3 253.9 32.8
Total 10.1(31.9) 1.5(4.73) 323.0(94.7) 49,3(14.5)
II.  Flat Plate Data(®)
(NAS 3-7953)
(CR 72363 PT-6)
Inner Skirt, Polar Panel 42 .4 .85
& Circumferential Panels 164.9 3.3
Total 6.47(20.4) ,13@ .01 207.3(60.7). 4.15(1.22)
psi (.41)
I1I. Calorimeter Test Data
NAS 3-7953
CR 72363 PT-6
Inner Skirt & Polar Panel 65.5 4.1
Circumferential Panels 255,0 (c) 16.1
Total 10.0(°)(31.5) .63(1.98) 320.5(94.0) 20.1(5.9)
Iv. Miscellaneous
Support Head Insulation(d) 13.8 13.8
Support Skirt (Dummy - 037")(6) 3.2 3.2
V. Expected System Performance
Inner Skirt and Polar Panels 69.1 16.5
Circumferential Panels 253.9 32.8
Support Head Insulation 13.8 13.8
Support Skirt (Dummy ~ .037" Fiberglas) 3.2 3.2
Total 340.0(99.5) 66.3(19.4)

(a) Based on normal conductivity numbers computed from flat piéte data,

(b) Flat plate data does not account for edge losses therefore numbers are the
theoretical low limit for this insulation.

(c) Calorimeter data for the compressed case was not obtained at steady-state
conditions.

(d) Thermal conductivity~foam insulation in vacuum K = .002 Btu/hr.ft-°F

(e) Thermal conductivity reinforced fiber glass K = .2 Btu/hr.ft-°F
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4.2.1.3 Structural Analysis

An objective of this program was to design a complete model
tank test system having dynamic capabilities to sustain launch loads as detailed
in Table 3 for the panels and test tank. The following sections detail the
model test tanmk analysis and the insulation panel analysis.

4.,2.1.,3.1 Model Test Tank And Related Hardware

In order to evaluate the SEMI panel system for both thermal
and dynamic conditions, a specially designed test tank was required. A layout
for this tank, is shown in Figure 7. By contract, the tank must be between 28
(.71 to .91M) to 36 inches in overall diameter and a maximum of 6ft., (1.83M)
overall length. The unguarded aluminum tank was supported from one head by a
single stainless pipe connected to a bi-metalic tramsition joint and bolted
flange. For thermal testing, the flange was attached to the Liquid Hydrogen
Calorimeter Supply and Support Structure (NASA Plumbrook No. SK 68 1100). For
dynamic testing, the bolted flange was attached to a Linde designed vibration
table adaptor which mated with the vibration table of the Launch Profile
Simulator (LPS) at Goddard. The cold guard supply structure was not needed
for testing at Goddard since insulation thermal performance was not evaluated
during dynamic testing. During transportation the bolted flange was attached
to the shipping frame, thus providing a pendulum support for the SEMI panel
insulated cryogenic test tank,

Per contract, the tank operating pressure ranged between
30 psi (2.07 x 103 newtons per M2) and 75 psi (5.17 x 10° newtons per Mz), and
the tank was capable of being evacuated. The various tank positions are
depicted in Figure 8. The severity of the transportation conditions are
expected to be less than the extremes of the test conditions with the excep-
tion of shock loading during transport, which are not expected to exceed 6g.
Design parameters for the various tank loadings are listed in Table 4.

The fiberglass extension (simulated support skirt) was
non-functional, i.e., not load bearing or structural supporting. Its function
was to provide the geometric shape on which to attach the SEMI panels. This
simulates the interstage support skirt on a typical multistage space vehicle,

A drawing of the tank SK-106298 (Figure 9) and details
SK-106296, SK~-106297 are included. Design calculations are included in
Appendix 3. The tank mates with adapter SK-106294 (Figure 10) or the LeRC
Cold Guard (SK-681100).

Goddard Model Tank Adapter

A short adapter section was designed and fabricated to locate
the wodel tank within the accoustic liner of the Godard LPS Facility and to per-
mit easy attachment to the vibration table. The design for this stand is shown
on Figure 10(SK-106294). As can be seen, it consists of a straight section of
tubing with flanges at either end to mate with the model tank (Ref. SK-106298)
and an 18 inch (.46M) bolt circle at the Goddard Facility. 5 inch (,127M) dia-
meter hand holes in the stand were provided to permit assembly of the model tank
flange bolts. Fill and vent connections passed through the 5 inch (.127M) hole.
See Appendix 4 for stress calculations.
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a)

b)

c)

d)

TABLE 3

LAUNGH LOADS
(Table 1 Contract NAS

Longitudinal Load

Lateral Load

Vibration

Acoustic

3-12045)

-1.5g's to+ 6 g's

1.5 g's (occurs when lomgitud-
inal load is + 2.5 g's)

+ 6g's vibratory longitudinal
between 20 and 150 hertz (occurs
when longitudinal load is 2.5
g's or less)

Overall sound pressure level
(155 db)

Octave Band Sound Pressure
Frequency Level (db)
(hertz)
250 143
4000 138
8000 135
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TABLE &

MODEL TANK DESIGN PARAMETERS

A, GENE RAL
1. Tank operating pressure range
+ 75 psid internal to 15psid external
2. Temperature range
ambient to =-423°F.
3. Material 5083-0 aluminum
4, Hemispherical heads
5. Straight skirt section at end opposite of support heads
(fiber glass)
6. Transition joint (Tube Turns. Ft. Type) between aluminum
tank and stainless steel neck tube with flange.
7. All welded construction per ASME Unfired Pressure Vessel
Code - Section VIII Division I & Welding Research Council
Bulletin #107.
B. MODEL TANK DESIGN LOADS (CRITICAL)

1.

Dynamic - Tank Horizontal

.5 g on support tube in compression
.5 g on support tube in bending
.5 g on support tube in shear

00

Special Condition - Tank

Horizontal during LN

Cooldown
Bending and shear stress due to weight
of LN, in tank during cooldown, i.e.,
longitudinal and lateral dynamic
loadings equal zero.

Thermal - Tank Vertical
Support tube in tension due to weight of
tank including transition joints and
tank filled with LN

Transportation - Tank

Vertical Support tube in tension and bending due
to 6 g shock loads (vertical and side
loads) on empty tank
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Goddard Flange Assembly (Vibration Test)

In order to perform the vibration test at cryogenic temperatures

a special flange assembly was designed to provide a fill and drain capability with
the tank in the horizontal position (Figure 11 Item 2 G/SK 106415). Two safety
relief (pressure burst disks) were included. The fill tube was designed to pro-
vide an interference fit of 0.4 inch (0.1M) with the side of the tank, i.e. loaded
cantilever beam. This provided the necessary force to assure that the fill pipe
remained in intimate contact with the tank throughout the vibration test without
rubbing.

Model Tank Transporter (Handling Fixture)

Since the model tank must be supported entirely from one end
in various positions and attitudes during test and transportation, a special
handling fixture or transporter was required. The transporter is shown as
Figure 12 (SK-106293). Special requirements for the transporter in addition to
supporting the tank vertically for transportation are as follows:

1. Allow tank to be mated to the thermal tester at
Plumbrook (SK-681100) while the tank is still supported by the transporter,

2, Allow the tank (and transporter) to be rotated
about a horizontal axis and mate with the Goddard "acceleration and vibration
end cap'" prior to being separated from the transporter.

The transporter was designed to sustain a 6g side loading,
with the tank installed. The tank was rigidly bolted to the transporter head
structure, without shock attenuation supports of any kind. The transporter was
faced with 1/2 inch (1.27 x 1072M) thick plywood to provide protection for the
model tank during shipment.

Stress calculations for the design of the transporter are
contained in Appendix 5.

4,2.1.3.2 Insulation Panel

Because of similarities in panel size between the Model System
and the Full Scale System insulation, an additional evaluation of the Insulation
panel structure was not required. The panels were attached to the tank and to each
other using VELGCRO, at a ratio of 4 square inches (2 x 10-3M2) of VELCRO attach-
ment for each square foot (.09M2) of panel, with the attachments placed no closer
than two inches (.05M) to the panel edge as recommended in Section 4.1.3. VELCRO
placement was as indicated on Figure 13 & 14,

For panel seal-off, a small O-ring sealed unit was designed to
allow entrance to the panel for evacuation and carbon dioxide backfilling and/or
placement .and removal of a vacuum gauge. Neither operation will require cutting
of the SEMI panel casing. The seal-off device and related adapters are shown on
Figure 15. Operation is as follows. To enter or exit the panel, a simple purge
bag is attached to the panel to surround the seal-off area, and purged with COj
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several times before the desired change is made. Since these transfers occur
with the panel at ambient pressure, system contamination, if any, consists only
of gas diffusion between the panel and the purge bag. This amount of contamina-
tion if present would be insignificant. This seal-off device with the associated
equipment permits evaluation of the COp gas in the panel without necessitating
re-evacuation and subsequent backfill. A Viton-A O-ring was used to seal the
panel. The complete seal-off device is fabricated of aluminum, weighs 32 grams,
and therefore did not require external supports during vibration tests.

4,2.2 Fabrication

4,2,2.1 Tank Assembly and Related Hardware

The tank (C/SK 106290) was assembled using a semi-automatic
welding procedure with a hand held heliarc welding torch and a rotating positioner.
The 5083 aluminum material was welded with AA-5183 filler rod, and the 304 stain-
less was welded using ER 309 filler rod, as per Figure 9 drawing C/SK 106298
(see Section 4.2.,1.3.1).

The dissimilar metal transition joint~to-upper head
reinforcing ring weld was 100% radiologically examined and determined to be
structurally sound. The transition joint/ring weld was then leak checked on
Vecco Model MS-9 helium leak detector. A steady state leak rate of 3.2 x 10-8
atm. cc air/sec. was determined for the test set up, which because of the shape,
included two flat rfubber seals. This rate was determined after a 3 hour settle
out, and indications are that it was likely permeation through the rubber
(temporaty seal) rather than leakage at the weld area,

After tank assembly, the initial helium leak check disclosed
a small leak in the upper head to cylinder weld. The leak was repaired by grind-
ing and then rewelding a section approximately four (4) inches (,1M) in length.
The final leak rate for the tank was 1 x 10-10 atm. cc air/sec. excluding the
leakage through the aluminum gasket. (A tank leak rate of 1 x 10-7 atm. cc
air/sec. or less is acceptable.)

Vibration Adapter (B/SK 106294)

The adapter was fabricated of 5083 aluminum alloy and AA-5183
filler rod. The unit was spot x-rayed after fabrication to assure weld structural
soundness. Both flanges were then machined to obtain parallel and flat surfaces.

Transporter-(C/SK 106293)

The transporter frame was fabricated of commercially available
structural steel shapes welded together by a metal arc process. The transporter
frame with the test tank installed is shown in Figure 16, The frame is covered
with plywood for shipping.
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FIGURE 16.

Transporter C/SK 106293

With Test Tank G/SK 106298
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4,2.,2.2 Panel Fabrication

The SEMI panels were fabricated using techniques developed
under previous UCC contracts NAS 3-6289 (Ref. 1) and NAS 3-7953 (Ref. 2). The
panels consist of a casing of 4 ply aluminized Mylar, utilizing Narmco adhesive
joints, and filled with a multilayer insulation consisting of open cell rigid
polyurethane foam and aluminized Mylar radiation shields. Vacuum tight casings
were fabricated for the circumferential and polar panels, however, such was not
the case for the inner skirt panel casings as will be discussed later. Panel
fabrication includes several operations which are listed below and discussed
separately in the following section.

1. Preprocessing the aluminized Mylar radiation shields
by heating in air for 24 hours at 150°F. (338°K)

2, Punching the foam spacers including vacuum cleaning
of the foam to remove the foam dust generated during the bun slicing operation.

3. Vacuum forming both casings to obtain the required
pleats and recovered panel thickness without residual compression.

4, Getter installation, adhesive application (Narmco
7343/7139 preceded by a prime coat of Goodyear G-207 solution), with pressure
cure.

5. Panel evacuation and helium leak checking.

Results of development work performed under a previous SEMI
panel contract (NAS3-6289) indicated that only the aluminized Mylar radiation
shield needed to be pre-conditioned. It was determined that exposing the radia-
tion shields to warm circulating air for 24 hours would sufficiently remove the
hydrogen, and that subsequent vacuum pumping of the completed panel at ambient
temperatures would be adequate to remove contaminants., The rest of the panel
materials were determined to benefit very little as a result of any pre-
conditioning.

Each panel contains 7 spacers and six radiation shields. The
spacer used for the panels was a three layer foam composite consisting of two
0.02 inch (5.08 x 10-4M) thick open cell rigid polyurethane foam layers containing
punched 1 1/4 inch (3.2 x 1072M) square holes on 2 inch (5.1 x 10-2M) centers, and
one 0.02 inch (5.08 x 10-4M) thick layer of unpunched open cell rigid polyurethane
foam. The two punched hole layers were positioned relative to each other such
that support was achieved only at the intersection of the two webs, as shown in
Figure 17, Several single layers of punched foam are shown in Figure 18, Also
apparent in this figure is a bar containing a row of 21 cutters (developed under
contract NAS3-7953), which was traversed along the punching table. Indexing pins
locate each row of punched holes. With this method, seven layers of foam could
be punched satisfactorily at one time.

Panel casings were constructed of a composite casing

material consisting of impermeable Mylar/aluminum/Mylar (MAM) and 4-ply laminate
for the outer air exposed section and 4-ply aluminized Mylar laminate for the
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remaining 5/6 of the panel area. (See Section 4.2.1.2 Figure 6.) This combina~-
tion was designed to achieve a casing with a highly impermeable surface that is
exposed to air, yet allowing the remainder of the panel to exhibit a low thermal
conductivity &o enhance thermal performance,

One 3/4 inch (1.88 x 10-2M) diameter hole was cut in each of
the three bottom shields in the area immediately under the evacuation plate, as
an aid in evacuating the panmels. The holes, located on a one inch (2.54 x 10-2M)
diameter circle, were indexed so as to be located 120° from the hole in the ad-
jacent shield. A 1-13/16 inch (4.60 x 10-2M) diameter hole was cut in the foam
layers and top three shields to accomodate the evacuation plate. This permitted
the plate to be flush with the outside face of the panel.

The MAM was laminated to the 4-ply casing using Goodyear
207 prime coat. Both surfaces were coated and allowed to air dry for .24 hours.
After the drying period, the materials were assembled and hand rolled with a
teflon roller, while being heated sparingly with a hand held heat gun. After
bonding the two materials together with Goodyear G-207 prime, the composite
casing was vacuum formed (stretched) to allow for the insulation thickness.
Three-eights inch (9.67 x 102M) centers were formed in the casing at the same
time, to.allow for additional material to account for the difference in diameter
as the panels were curved around the tank.

Prior to panel assembly, one gram of hydrogen getter was
placed in the warm side foam spacer in the immediate area surrounding the
evacuation manifold.

Panel adhesive joints were made in the following manner:
After degreasing the Mylar bond surfaces with Methyl Ethyl Ketone (MEK) and
allowing the casing to air dry, both surfaces were primed with a solution of
G-207 formulation, The prime consisted of the following:

Goodyear 207 B 100 gms
Toluene 63 gms
MEK 27 gms
Goodyear 207 G 4 gms

After the prime had cured for 24 hrs. at room temperature,

Narmco 7343/7139 adhesive was applied by brush to both Mylar surfaces. Narmco
adhesive is a 2 part system consisting of a resin (7343) and a curing agent (7139).
The curing agent is supplied in small pellets which must be metled at 250°F.
(394°K.) immediately prior to being combined with the resin. The mixing ratio
is 100 grams of 7343 resin to 11 grams of 7139 curing agent. The resultant
clear homogeneous adhesive has an average pot life of 3 hours at 75°F, (298°K.)
After brushing a 5 mil (1.27 x 10‘4M) (approximate) thick layer of the adhesive
onto both surfaces, the casings were assembled and air cured at room temperature
under a 2 PSI (1.38 x 10~% newtons per M2) compressive load for 24 hours. Optimun
strength is reached after 3 days at 75°F. (298°K.) As in the previous contracts,
the 2 PSI (1.38 x 10~% newtons per M2) loading was achieved by the use of suffi-
cient weights positioned on a weight board such as to apply a compressive load
only on the adhesive area. Foam rubber weatherstrip was used to concentrate the
force at the panel joints to avoid damaging the casing materials during the
pressure cure cycle.
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Each SEMI panel contained an evacuation port located at the
warm end. The panel seal-off device provides a one inch (2.54 x 1072M) diameter
vacuum port, sealed with a Viron A o-ring. A steady leak rate of 4 x 10-7 atm.
cc. air/second was determined for the device using a Vecco Model MS-9 helium
leak detector. The seal-off device is shown in Figure 15. A demonstration
model was assembled and disassembled several times to determine repeatability
and leak tightness of the closure. In subsequent leak tests, the seal-off
device satisfactorily demonstrated repeatability. These aluminum seal -off
plates were solvent wiped with MEK and primed with a Dow Corning solution.

The solution consisted of ,02% by weight of Dow Corning Z 6020 resin in Ethyl
Alcohol. The prime was air dryed for 45 minutes prior to the Narmco adhesive
application,

Figure 19 is a photograph of one of the circumferential
panels prior to evacuation. The MAM laminate is apparent in the photographs at
the widest portion of the panel. Variations in panel width accomodates shingl-
ing the SEMI panel in the tank longitudinal direction in addition to shingling
the panels in the circumfernetial direction. Figure 20 shows one of the polar
panels prior to evacuation. The raised surfaces appearing in the photographs
are thermo-vacuum formed in the casing prior to panel assembly. The reason for
this as previously discussed is to provide extra casing material, thereby reduc-
ing possible residual compressive loadings on the insulation. An evacuated cir-
cumferential panel is shown in Figure 21. The mottled appearance of the panel
is due to surface irregularities caused by the criss-crossed foam webs.

Inner Skirt Panels

The inner skirt panels are of a complex double curvature reverse
bend shape and consequently were very troublesome to fabricate. After several
futile attempts to assemble a leak tight casing enclosure, they were constructed
to achieve a panel that would demonstrate mechanical and thermal performance.
However, since the panels were not leak tight, the panel cryo-pumping capability
was not demonstrated. The foam spacer and radiation shield layers presented
very few problems. Some of the problems concerning casing fabrication were
attributable to the small size., As originally designed, the inner skirt panel
casings were to be fabricated on a three dimensional plywood layup fixture as
shown in Figure 22. This was to be accomplished by bonding several casing seg-
ments together with Narmco adhesive. The two psi pressure required to achieve
the bond line was to be obtained by clamping the mating male shape to the female
mold. This method of casing assembly, although satisfactory with resepct to the
thickness of most of the Narmco adhesive.joint, resulted in several small adhesive
filled wrinkles. These wrinkles were caused by non-uniformily forcing the two
dimensional casing material into a three dimensional form. Since Narmco adhesive
performance at cryogenic temperature is dependent on minimum joint thickness,
the adhesive filled wrinkles were judged to be unsatisfactory for this application.

The second method to fabricate leak tight casings consisted
of vacuum forming the entire casing segment from one piece of flat casing. The
previocusly fabricated plywood form was completely filled with a foam-in-place
urethane, to provide a female mold for vacuum forming. (See Figure 23) This
method was found to be unacceptable because of severe wrinkles that formed, causing
leaks which could not be eliminated.
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Unevacuated

FIGURE 19,

Circumferential
SEMI Panel (217-70)
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FIGURE 20, Unevacuated Polar Panel
(221 -70)
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FIGURE 21.

Completed Panel (Evacuated)
(219-70)
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Fabrication of casings for the nine inner skirt panels was
finally accomplished using Goodyear 207 heat sealable adhesive joints, joining
several segments into one panel casing. The resulting joints were not leak
tight or even evacuable, but merely provided sufficient strength to retain the
foam spacer and radiation shield layup.

~ Fabrication of the inner skirt insulation was accomplished
using the foam plywood form as a layup mandrel. The assembly procedure followed
was to lay-up the seven composite layers of foam and six radiation shields, one
layer at a time. Each layer had cutouts which were overlapped to form a con-
tinuous insulation, staggering the cutouts, and overlapping the joints, such that
the resulting material build-up was spread out evenly over the complete panel.
After placement of all the insulation layers, the outer casing was positioned
and a heat sealed adhesive joint was completed. The resulting product was an
insulation blanket having the necessary number of layers, and of the proper com-
pound curvature to insulate the inner skirt area of the model tank. Since the
inner skirt panels were not evacuable, a separate impermeable barrier was installed
to complete the impermeable outer layer of the air exposed inner skirt panels
after the panels were installed on the Model System,

4,2.2.3 Panel Installation and Seal Off

Upon completion of the Model tank Acceptance Tests (see
Section 4.2.3.2) the skirt section and also the foam in place fairing at the
skirt transition was completed. A 1-1/8 inch (2.86 x 10-2M) Vecco valve and
coupling, as well as instrumentation feed throughs were added to the 30 inch

(.75M) diameter stainless top sheet. The 36 gage copper constantan thermo-
couples and the Rosemont Engineering Temperature sensors were mounted per
Figures 24 and 25, The completely insulated tank ready for shipment is shown
in Figure 26.

The completed SEMI panels, i.e. circumferential and polar panels
were backfilled with Coleman grade carbon dioxide to one atmosphere immediately
prior to installation. Panel evacuation - and backfill was completed through the
panel seal off. After evacuation and Carbon Dioxide backfill, a small polyurethane
bag was placed over the seal off, and purged with Carbon Dioxide. The evacuation
adapter was removed and the seal off cover installed. (See Sectionm 4.2.1.3.2).

The purge bag techmique allowed the evacuation port to be replaced with the seal
off cover, without contaminating the backfill gas since both the panel and the
bag contained carbon-dioxide at one atmosphere. The inner skirt panels were

not leak tight (see Section 4.2.2.2) and therefore were not backfilled. All
panels were installed on the tank using VELCRO fasteners, and the panel to panel
joints were sealed as discussed below.

After placing 3 inch (7.62 x 10-2M) length of the "loop"
portion of VELCRO fastener on the backside of all panels in the pattern shown
on Figure 13 (Section 4.2.1.3.2) and placing 3 inch (7.62 x 10-2M) lengths of
“pile” in a matching pattern on the tank, the 8 panels were sequentially wrapped
one third of the way around the tank in a clockwise direction as viewed from the
flange end. In subsequent stages, the "pile' was placed on the previously in-
stalled "loop” portion (panel backside), the adhesive was activated with Methyl
Ethyl Ketonme (MEK) and the panel wrapping was continued. In this manner, mating
of the VELCRO fasteners was assured since proper alignment was established at
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Inner Skirt Casing Vacuum Fixture (220-70)

FIGURE 23.
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FIGURE 26. Insulated Model Test Tank in Transporter (560-70) 59



assembly. All panels were removed after the initial placement, to inspect the
bonding of the VELCRO to the panels and tank. In several closures, inspection
revealed incomplete bonding of the VELCRO to substrate. These bonds were again
activated with MEK and allowed to cure. The panels were then re-installed in the
same manner i.e. sequentially wrapping the panels around the tank.

The nine inner skirt panels were installed using VELCRO
fasteners to attach the panels to the tank and to each other. VELCRO placement
was as shown in Figure 14 (Section 4.2.1.3.2). Assembly procedure was similar
to that used in placing the circumferential panels.

The three polar panels backfilled with Coleman grade carbon
dioxide to a one atmospheric pressure, were installed using VELCRO fasteners,
placed as shown in Figure 14 (Section 4.2.1.3.2). The panel geometry required
that the three panels be assembled to each other, and then installed on the tank
as a unit.

Panel to panel seals were completed as described on Model
Tank Assembly drawing (Figure 25). One exception was the inner skirt panels,
which because of fabrication difficulties encountered were not evacuable nor
laminated with a Mylar aluminum foil Mylar surface sheet over the standard &
ply aluminized Mylar laminate. Rather than the MAM laminate, a Mylar-lead-
Mylar (MLM) laminate was installed separately after the inmer skirt panels had
been installed. The MLM was sealed to the polar panels and the circumferential
panels thus completely sealing off the dummy support skirt interface.

4.2.3 Test

4.2.3.1 Panel Leak Tests

In order for the Self Evacuating Multilayer Insulation (SEMI)
system concept to be operable, the cryopumping gas must remain (1) within the
system and (2) relatively free from external contamination. Upon examination,
both of these items require the use of a leak tight casing, with the degree of
leak tightness dependent upon the expected life, and/or allowable heat leak and
weilght penalties. During work on the previous SEMI system contracts, a casing
system concept was devised, whereby a 4 ply laminate of aluminized Mylar is
used for the entire panel, and the air exposed portion of the casing, (outer
1/3 of the panel) is further protected against air permeation by a second laminate
of aluminum foil and Mylar. The second laminate of aluminum foil and Mylar
is laminated to the &4 ply casing material using the Goodyear G 207 adhesive
(see Section 4,2.2.,3).

Each circumferential and head panel was helium leak checked.
Because of the relatively high helium permeability of the 4-ply casing material,
(3.5 x 10-6 atm. cc. helium/sec.-ftz) as compared to the MAM (2 x 1079 atc. cm3
helium/sec,-ft2 atm.), a mixture of nitrogen gas containing slightly less than
1% by volume of helium gas was used for helium leak checking. By using this
method, a helium leak rate was established for a relatively permeable material,
by a ratio or the measured indicated leak rate to the concentration of helium
in the trace gas. For the SEMI panels, the panel leak rate compared favorably
with the established leak rate of the parent 4-ply casing material. Table 5
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1;sps the panel total leak rate. This leak rate includes casing permeability,
joints and leakage through the evacuation seal-off o-ring. The helium leak
rate for the parent casing materials is 0.3 to 0.5 x 1072 atm. cc. helium/sec.
ft2 atm. helium.

4.2.3.2 Tank and Related Hardware Tests

The Model System demonstration tank was subjected to helium
leak tests, as well as hydropressure tests, static dead load tests, and vibra-
tion tests as defined in the Tank Acceptance Test Plan A/SK 106462. (See
Appendix 6) All testing was completed as presented in the test plan.

Helium Leak Test

The tank was evacuated for approximately 72 hours prior
to the helium leak check. A small leak in the upper cylinder to head weld
was located and repaired by removing metal and rewelding. After repair the
leak rate was determined to be 1 x 10-10 atm. cc. air/sec. (1 x 10~7 atm. cc.
air/sec. or less is acceptable.) The aluminum gasket bolted flange connection
was not included in this test. The model test tank with the temporary evacua-
tion port attached is shown in Figure 15 (Section 4.2.2.1).

After the tank acceptance vibration test, a tank leak rate
of 2.3 x 1079 atm. cc. air/sec. was determined. This compared to 1 x 10-10
atm. cc. air/sec. before vibration testing. The slight difference is probably
attributible to leakage across the soft aluminum gasket between the flange
assembly and the tank. In any case, the leak rate is less than 1. x 10-7 atm.
cc. air per sec. established for the vessel and therefore the vessel was
satisfactory.

Proof Pressure Test

The model tank as shown in Figure 27 mated to the vibration
adapter, was filled with water and pressurized to 115 psig (7.9 x 1075 newtons
per M2) for 15 minutes. Stress levels were less than 1500 psi as no change
was noted in the Stress Coat, applied as per vendor instructions. (The craze
point for this particular stress coat is 150 micro inches per inch, which for
aluminum will indicate a stress level of 1500 psi.)

Axial Load Tests

Compression Test

With the tank positionmed as shown in Figure 27, additional
weights were placed on the skirt head to increase the compressive load on the
support tube (as per specification A/SK 106462). The stress-coat indicated
acceptable compressive stresses. Actual stresses were calculated at 2200 psi
(1.515 x 107 newtons per M2).
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TABLE 5
Measured Total Leak Rate of Model Tank SEMI Panels

Includes: Casing Permeability, O-ring Seal -Off
and Joint Leakage

Panel Size Total Leak Rate

No.* Inches Meters (ATM cc. Air)
Sec.,

A 38 x 75 .97 x 1.78 3.46 x 107

By 38 x 75 .97 x 1.78 3.87 x 1073

N 38 x 75 .97 x 1.78 4,07 x 1072

Dy 38 x 75 .97 x 1.78 2.66 x 1070

A, 19 x 75 49 x 1.78 2.19 x 107

By 19 x 75 49 x 1.78 2.31 x 103

Cy 19 x 75 .49 x 1,78 2.11 x 107

Dy 19 x 75 49 x 1.78 2.17 x 1072

Py Polar 3.8 x 1076

Py Polar 4.44 x 1076

P, Polar 4.54 x 1070

* Panel Numbers refer to Figure 24.
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Tension Test

With the tank mounted in the flange up position, the
appropriate amount of water (as noted in Test Plan) was added to increase the
support tube loading in tension. Stress levels were again noted to be less
than 1500 psi from observations of the Stress Coat.

Cantilever Test

To perform the cantilever test, the tank and vibration
adapter sections were bolted to a weld positioner as shown in Figure 28. For
this test the tank was removed from the transporter, and the transporter was
then lowered to the floor. (The tank is not being supported at the mid-point.)
Definite strains were indicated in the Stress Coat during this test. The
stresses were lower than previously calculated, and this is probably attributable
to manufacturing, rather than deficiencies in observing the Stress Coat. The
junction of the support tube to the head transition piece was expected to be the
highest stress zone at 19000 psi (1.31 x 108 newtons per M2). However, due to
manufacturing variations, i.e., a larger fillet at the weld area than specified,
the maximum measured strain indicated by the Stress Coat was 1100 micro-inches
(2.79 x 107> M) or 11000 psi (7.5 x 10%7 newtons per M2) for a given side load
of 5g in bending. The strain level at the weld junction of the support head
to the head transition joint was expected to be 1700 micro-inches (4.32 x 10'5M)
however, this was measured to be 700 micro-inches (1.77 x 10-5M) or 7000 psi

(4.81 x 10~7 newtons per M2), An attempt to measure tank deflection under load
proved impossible because the weld positioner/end support member was not perfectly
rigid, therefore the tank rotated about the cantilever support. This rotation
was observed using two bubble levels, one located on the tan surface and the
second on the face of the positioner. )

Vibration Tests

The bare model test tank (see Figure 29) was subjected to
vibration levels as dictated in the Acceptance Test Plan. Testing was per-
formed by Dayton T. Brown Co., Long Island, New York. Both the lg and 10g
acceleration levels were completed and the tank was found to be acceptable
with the following comments. Observation of the lg data obtained from the
two triaxial accelerometers, indicated that at times the surface loading at
the tank was greater than the input loading. This amplification, apparently
caused by the support head, appeared at a resonant frequency of approximately
70-80 cps. Therefore, the 10g test was conducted using the tank surface pick-
up to limit the input signal to the flange. Recorded upsweep data is presented
as Figure 30 and 31. Referring to Figure 30, observe that at 120 cps., for a lg
input fore and aft, the tank surface was experiencing approximately a 3g
acceleration. Likewise observe that at 70 to 80 cps. the tamk vertical axis
was likely limiting the fore and aft input, while between 80 and 90 cps. the
tank tranverse axis was limiting the input. Similar observations at a 10g level
can be made from Figure 31. The complete Dayton T. Brown test report is
included as Appendix 7.
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4,2.3.3 Installed SEMI System Evaluation Tests

Testing of the Model System involved two NASA test sites,
namely NASA Plumbrook Station "K' site, Sandusky, Ohio and the Goddard Space
Flight Center, Launch Phase Simulator Facility, Greenbelt, Maryland. Evaluation
consisted of the imitial thermal test, the Launch Profile test, and a final
thermal test. The purpose of the thermal testing was to evaluate degradation
of the SEMI system resulting from the simulated launch environment. Description
of tests performed and the results are included in the following sections. The
Launch Phase Simulator Test Plan and the .Thermal test plan are included as an
appendix to this report.

4,2,3.3.1 SEMI System Thermal Test #1.

The model system was thermal tested in the "as received”
condition immediately prior to dynamic testing. (The insulated tank was stored
at NASA's Plumbrook Station in a CO, purge bag for approximately 5 months after
fabrication.)

The system was tested by NASA personnel as described in Test
Plan YOR 1327 (See Appendix 8). Briefly, the tank was mated to the A.D.L. calori-
meter cold guard flange, and a helium purge bag installed to enclose the interface
flange and cold guard. The purpose of the helium filled cold guard purge bag
was to prevent nitrogen gas in the Plumbrook chamber from condensing on the LH:
cold guard during the initial cooldown. The chamber was evacuated one hour after
filling the measure tank {test item) with LH,. The guard tank was not filled with
LHp until 2 hours after the chamber was evacuated., The space behind the panels
developed leaks, and was not continuously evacuated during the test, and probably
accounts for the overpressure behind the panels resulting in blowing out the polar
panels on warm-up., The model system after thermal test, with cold guard purge
bag installed is shown in Figure 32,

The following readings were obtained approximately 24 & 48
hours after the start of the test:

24 Hours 48 Hours
Chamber pressure 3 x 106 torr 4.5 x 10-6 torr
Insulation Pressure
Panel A-1 7.8 x 10°% torr 4 x 1074 torr
Panel A-2 3.7 x 104 torr 5.8 x 10-% torr
Measure Tank Boil Off 52 Btu/Hr. 45 Btu/Hr.
(15.25 Watts) (13.2 Watts)

Using the figure of 45 Btu per hr. (13.2 Watts), the calculated
avera%e panel heat flux as determined by this test was 1.3 Btu per hr.«ft2 {4.1 Watts
per M2), The computer predicted average pamel performance was 1.5 Btu per hr,-ft
(4.73 Watts per M?). It is evident that measured thermal performance exceeded the

69



P70-2176

FIGURE 32. Model System after Thermal Test - Cold Guard Purge Bag
70 Installed. (P70-2176)



computer calculated performance, however, the reason for this is not immediately
known. A thermal shroud including radiation shields was placed around the insula-~
tion and could have influenced the results significantly. 1In any case, the same
set-up was used for the thermal test after the dynamic tests were conducted at
Goddard.

4.2.3.3.2 SEMI System Dynamic Tests

The model system was subjected to dynamic tests at NASA's
Goddard Space Flight Center. The SEMI system was vibration tested in a so called
"off board” vibration only test mode (see Figure 33), and also tested in the
Launch Phase Simulator Chamber where the system was subjected to a combined
environment of acceleration, vibration, acoustics and a launch evacuation profile.
Testing in both modes was performed with the tamk cooled to liquid nitrogen
temperature. The SEMI system is shown in Figure 34 mounted to the movable end
cap of the test chamber, being readied for mating with the chamber.

The SEMI system was tested per Test Plan DIRS 02198 (see
Appendix 9). Actual testing deviated only slightly from this plan, although,
accidently the unit experienced a 10g loading in all three mutually perpendicular
axis during the off board test mode. The lower head insulation was observed to
have stayed in position during and after the off board vibration tests; it did
not pop out upon warmup as was noted after the first thermal test at Plumbrook.
However, before startup of the on-board vibration test in the Launch Phase
Simulator, the lower head was observed to have popped after the LN, cooldown.
Both vibration tests were conducted with the test tank pre-cooled with liquid
nitrogen, The off board tests were of a short duration, and, as indicated by a
study of the temperature profile, the tank was cooled only to liquid oxygen
temperature, and for only a short period. This probably allowed very little
gas to condense on the cold surface, resulting in insufficient gas pressure in
the space behind the panels to pop the panels upon warm up., However during the
on-board vibration test, because of the complexity of the set up, the tank was
cooled and maintained at liquid nitrogen temperature for several hours prior to
start of the dynamic test. During this period, the system was exposed to ambient
air and probably resulted in condensing a large quantity of air on LN, surfaces.
The condensed air was then quickly vaporized when the LNs was withdrawn from the
tank at the start of the dynamic test, resulting in an increase in pressure in
the space behind the panels, which subsequently popped the panels. Viewing the
test movies, it was noted that prior to tests the inner skirt and polar panels
were stretched very tight, and these panels were convex rather than concave as
originally installed. This overpressure resulted in placing additional forces
on the circumferential panels, and probably contributed to the failure of panels
Co and Do, at Goddard.

It is interesting to note that the SEMI System endured the
extreme physical testing even with the polar panels reversed (due to the over-
pressure) and consequently the panels were completely unsupported except for the
inner support skirt casing attachment around the circumference of the tank.

Except for several small scraps of insulation that were observed in the Goddard
test movies, (later determined to be from panel C-) the insulation system appeared
to be intact, with no apparent damage to panels or panel-to-panel seals. (See
Post Test Evaluation, Section 4.2.4).
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FIGURE 33. SEMI System M0ff Board"” Vibration Test Mode,
72 (G 71-2382)



FIGURE 34,

SEMI System Mounted on End Cap Ready to Mate With the
Goddard Test Chamber. (G71-2379)
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4,2.3.3.3 SEMI Svstem Thermal Test #2

Upon completion of the dynamic tests, the SEMI system was
returned to NASA Plumbrook's K site and re-installed in the test chamber. In
view of the fact that several of the SEMI panels had been torn it was decided
to deliberately cut a hole in the casing of all panels to assure a low insula-
tion vacuum, and to allow the chamber to be evacuated prior to loading liquid
hydrogen. The test was run with the chamber at 6.9 x 10-6 torr, panel A-1 was
reading 2.4 x 104 torr, (A-2 was not operating). After 48 hours, the chamber
pressure had reached 1.6 x 10-6 torr, A-l panel was reading 5.4 x 10-5 torr,
and the boil off was 42 Btu per hr. (12.3 Watts). This performance compares
to 45 Btu per hr. (13.2 Watts) achieved prior to the dynamic tests. Apparently,
the insulation improved slightly as a result of the vibration testing. This
slight improvement is probably traceable to a reduction in solid conductivity
through the insulation, or perhaps to a more fully recovered insulation system.

The overall system thermal performance was again better than
calculated using the computer program (see Section 4.2.1.2). Calculated total
heat gain for the system was 66.3 Btu per hr. (19.4 Watts) as opposed to a
measured steady state boil off of 42 Btu per hr. (12.3 Watts) for this test.

As with the previous test, a study of the data plots does not reveal the reason
for the improved thermal performance, as all thermocouple and Rosemont tempera-
ture sensor readings appear to be in order. The average panel thermal per-
formance for this system is calculated as 1.2 Btu per hr.-ft2 (3.8 Watts per M2).

4.2.4 Post Test Evaluation

Upon completion of all tests, the SEMI system was examined
for damage. Very little damage was observed, with the exception that panel "Cy"
had obviously incurred damage along a panel seam (foam & shield were visible)
and that the polar panels, although still attached to each other, were no longer
attached to the tank except along the edge seal with the inner skirt and circum-
ferential panels. Prior to removing any panels, all of the circumferential
panels were individually evacuated with a small roughing pump to evaluate vacuum
integrity. After making temporary repairs on several intentionally damaged
areas, all panels except Cp and Dy were found to be evacuable to ~28 inches of
mercury (9.45 x 104 newtons per MZ) within a few minutes of pumping. This was
considered indicative of panel tightness, since even a small tear or cut in the
casing would have had an observable affect on the achieved pressure in regards
to pumpdown time and pressure obtained. Further leak tightness evaluation of
the panels was determined to be impossible with the panels installed on the tank.
(Although the panels were carefully removed, several were damaged slightly, in-
cluding some delamination at the edge. The delamination resulted from the edge
seal procedures. Consequently, the panels were not helium leak checked after
removal, since a valid test could not be performed.)

The circumferential panels were removed from the tank by
cutting apart one of the vertical panel to panel seal strips between the panels,
and removing all eight panels as an assembly. This method resulted in minimiz-
ing the panel damage during disassembly. Panels "¢." and YDo" were both ob-
served to have suffered damage in the casing joint adjacent to the fiber glass
skirt extension, and that the damaged zone of both panels occurred at the same
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FIGURE 36:

FIGURE 37.

Co Panel Damage - As Viewed from the
Tank Side

D, Panel Damage - As Viewed from Tank
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tank position. Location of the damaged panel joints are shown in Figure 35.
The damaged position coincides with the area of debris observed in movies
taken during the vibration testing at Goddard Space Flight Center. It seems
certain that the loose foam came from panel C, as can be observed in Figure 36.
Foam was observed to be missing from the three innermost layers. Panel D,
although opened at the casing joint in a similar manner as Cp, suffered very
little damage with only minimal breaking of the foam at wrinkles. (See Figure
37). The apparent reason for this was that the "D, panel was located at an
inner layer, and was thus better protected (by the "Cy" panel). The "Co"
panel on the other hand was an outside panel, which therefore allowed this
panel to move about more freely and probably was more thoroughly exposed
during the accoustic noise tests.

The casing joint failure was a delamination of the 4 ply
casing material. Thickness measurements of the casing indicated that one of the
Mylar layers and the bond line remained with the other casing sheet, with delamina-
tion beginning at the vacuum draw radius, (formed to obtain the desired panel
thickness). Actual joint thlckness measurements for panel D, were .002.and ,007
inch (5.x 1075 and 1.78 x 10% M) respectlvely for the two sides. Basic material
thickness is .0025 inch (6.3 x 107> M) while the measured joint thickness was

.009 inch (2.29 x 10°4M). Measurement of a similar area on the "o " panel in-
dicated a joint thickness of .0075 to .009 inch (1.9 x 10~% to 2.29 x 1074M).
The C; panel also indicated delamination failure, but could not be measured,
since this was an outside joint and therefore had been coated during installation
and edge sealing.

Because the two panel failures occurred in close proximety
to each other, the fact that both panels had joints delaminated, and the fact that
the failed JOlnt thickness was the same as that measured on another panel in a
similar zone which did not fail, indicates that panel failures occurred because
of installation or outside loadings and not because of faulty panel construction
or materials. Possibly the failure is attributable to the fact that the back-
side of "C," and "D," panels had inadvertently been bonded to the fiberglas
skirt with Narmco adhesive. This bond area extended beyond the casing joint,
and therefore could have resulted in subjecting the joint to greater peel forces
than anticipated if a pressure buildup occurred behind the panels. A VELCRO
fastener was inadvertently located very close to the edge of the panel "D,
and also may have contributed to the failure of the "Cx" and "D," panels.

Panel "C," and "Dy'' were attached to each other by this particular VELCRO.
After the "Co" panel failued, its movement and close attachment to "Dy" probably
caused the "D,'" panel to fail.

The fact that a pressure buildup did occur was observed
during testing and therefore lends strength to this theory. 1In fact, movies
indicate that the pressure behind the panels was great enough to force the
polar panels to bulge out in a convex shape, even though originally they were
installed in a concave shape. Further proof that an over pressure existed is
indicated by the fact that the three polar panels were literally ripped apart
at the attachment points, with separation finally occurring at the closure bond
lines rather than failing at the VELCRO closure. The forces involved resulted
in tearing the foam, radiation shields and casing material as seen on Figure 38.
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FIGURE 38. Polar Panels - As Viewed From Tank Side.
(C-71-340)
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FIGURE 39.

Damaged Fiberglas skirt Model Tank
Test Evaluation

- Post
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The nine inner skirt panels were found to be in good shape
and still attached to themselves and to the tank/inner skirt. The pillowing
out of the polar panels as observed in movies of the tests did not involve the
inner skirt panels. During post test examination of the test tank, it was also
noted that the fiberglas skirt section had buckled. (See Figure 39.) The
exact cause is not known, however it was likely caused by the vibration test
specimen encountered during the offboard vibration test at Goddard, or possibly
combined thermal and mechanical stresses. It is possible that these same test
conditions caused the panels to fail, but not likely since the same panel con-
figuration existed at three other locations in the SEMI system did not fail.

A helium leak test of the tank after the panels were removed,
indicated that the test tank was still helium leak tight at ambient temperature.
Machine sensitivity was established as 10-8 atm cc. helium per second.

The panel to panel seals were mechanically acceptable before
and after physical testing. However, their performance in maintaining a leak
tight space behind the panels is unacceptable in as much as on each cooldown
cycle, seal damage was incurred which fortunately for this test did not require

repair. Use of this sealing method would not be sufficient on a mission requiring

more than one cycle such as a return to a 1 atmosphere external loading after the
panels have been in the wvacuum of space.

4.,2.5 Materials

The 1list of all insulation system materials and the vendors
used on the delivered insulation system is presented in tabular form, as Table 6.
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4.3 Subscale Testing

In order to achieve the objectives of the model system,
small scale testing of the various concepts and subsystems were performed.
The following sections describe the tests performed and the results achieved.

4.3.1 Small Panel Tests

Small panel testing consisted of vibration tests, evaluation
of the effect of shrinkage due to evacuation and determination of the product
(E I), (Youngs Modulus times the Moment of Inertia). Each is discussed in the
following paragraphs.

Vibration tests were conducted on a 12 inch (.305M) x
24 inch (.61M) SEMI panel containing radiation shiélds and punched hole spacers
with excellent results as there was no apparent damage. The tests were per-
formed as per the subscale vibration test plan, included as Appendix 10 of this
report. Photographs of the evacuated SEMI panel (Figure 40) and the recovered
panel (Figure 41) are presented. A transparent casing material was used on the
front of the panel to permit visual observation during tests. This same panel,
shown in a vertical position in Figures 40 and 41 was also tested in two hori~-
zontal positions. The three positions are shown schematically in Figure 42.

The two dummy panels and the test panel were attached to each
other and to the test fixture by nylon VELCRO fasteners located on the pattern
shown in Figure 43. The 1 inch x 2 inch (.025 x .05 M) strips of VELCRO No. 65
nylon closure were placed at right angles to each other such that cross mateing
the hook and pile would result in a one square inch contact area. Fastener
closure pressure was achieved by evacuatlng the panel assembly, thereby achieving
a 15 psi (1.03 x 10° newtons per M2 ) uniform compressive loading, such as will be
the case in actual panel assembly. As discussed in the test plan, the edges of
the test panel, and the VELCRO strips were bonded to the test fixture with
contact adhesive.

As outlined in the test plan, the panel assembly was initially
subjected to lg sweeps from 20 to 150 Hertz and then increased to 8.5g sweeps in
the range of 20 to 150 Hertz for evacuated and/or recovered panels. In addition
to the stated test plan loads, the recovered panel assembly was held at a con-
stant frequency of 55 Hertz and 8.,5g for approximately 10 minutes in position B
as shown in Figure 42, without any apparent damage. Total vibration testing of
the panel assembly for all positions was approximately 50 minutes of which 45
minutes of testing was at the 8.5g vibration level. The foam spacer material
appeared to be intact after testing, with no indication of powdering or foam
separator breakage., The Mylar radiation shields and the casing also did not
appear to have experienced any damage. As a final test, the two dummy panels
were removed leaving only the test panel (not shingled) adhered to the fixture
only along the bottom edge, and four VELCRO fasteners located at each corner.

The test panel was then vibrated in position B, Figure 42 in the recovered
condition. The VELCRO test panel attachments, subjected to 8.5g sweep in 20

to 150 Hertz range, were slightly loosened, although no permanent damage occurred
and the panels were easily rejoined after the test. This test was considered more
stringent since the recovered panel was not constrained by adjacent panels as are
the panels which will be installed on actual tankage.
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FIGURE 40.

H
&
¥
%

Evacuated Sub-Scale SEMI Panel Vibration Test (1125-69)
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-Scale SEMI Panel Vibration Test

(Recovered) Sub

igure 41,

F

(1124-69)
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A. Panel Vertical
Machine Head Vertical

C. Panel Horizontal
Machine Head Horizontal

B.

Panel Horizontal
Machine Head Vertical

FIGURE 42. Subscale Panel Vibration Test Positions
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Additional testing involved measuring the amount of shrinkage

a panel undergoes during evacuation. This shrinkage was determined to be .12 inches
(3 x 10-3M) in 20 inches (.51M) or 0.006 in/in. (M/M). This was determined by
measuring the distance between two points on the casing material before and after
evacuation of the unrestrained panel. This shrinkage, attributable to evacuation,
is not permanent. It is likely a result of the punched foam spacer being slightly
corrugated due to irregular number of layers in the composite spacer. This corru-
gated surface is somewhat visible in the transparent casing shown in Figure 40.

The product EI (Young's Modules times the moment of inertia)
for the unevacuated PT-6 SEMI panel configuration was determined to be 14.33 1b-in2)
9.9 x 103 N/M2 for the vibration test panel. This value was calculated from a free
cantilever deflection of 3-1/4 inches (.0825M) measured 14 inches (.355M) from the
support table, for a 1/2 inch (,0127M) thick foam panel, 11 inches (.279M) wide.

4,3,2 Foam Spacer Evaluation

Urethane foam for previous contract work on the SEMI system
has been obtained from Union Carbide Chemicals as an experimental item. For
this contract, it was decided to evaluate a commercial foam vendor, in addition
to Union Carbide Chemicals., Foam was purchased from Dacar Chemicals Company
and also Union Carbide Chemicals. The foam was produced by both Companies

according to the following formula: (previously used in contract NAS 3-6289
and NAS 3-7953),

TABLE 7

UCC - Open Cell Rigid Polyurethane Foam Components

NIAX Polyol T-221 100.0 PBW
Ucon =~ 11 30.0
L-5320 4.0
TMBDA 0.6
Aluminum No. 422 1.0
NIAX AFPL 103.0
Stannous Octoate 0.2

Compression tests performed at ambient temperatures of foam
cubes in the same manner as in the previous contracts indicated both foams to be
acceptable. The Dacar Chemical's foam however, was more compressible, probably
attributable to a somewhat larger cell size, The larger cell size did limit the
minimum sliced foam thickness to 0.035 inch (8.9 x 10-4 M). UCC foam could be
sliced to .02 inch (5.08 x 10~% M) thick.

In order to evaluate a multi~layered panel using the two
foams, a small test panmel, 1l in x 17 in (.279 x .431M) was fabricated containing
two 8-=1/2 in x 11 in (.216 x .279M) stacks of composite layers of foam and radia=-
tion shields. One stack consisted of UCC open cell foam, .02 in. thick (5.08 x
10"4M) as used on the previous contract, while the other stack contained foam
spacers, .035 inch thick (8.9 x 10-4M) fabricated from the Dacar foam. Evacuation
tests of the panel, using compressed and recovered dimensions of both composite
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stacks as criteria, indicates little difference between the foams in terms of
load deflection characteristics or-panel thickness after the initial evacuation.
Prior to the initial evacuation, the Decar foam panel was thicker than the UCC
foam panel as would be expected.

To determine the foam density, the samples were measured
with vernier calipers, and the weight of each sample was obtained on a beam
balance. The density was then calculated by dividing the sample weight by - the
volume. Density for both foams was in the range of 2.0 PCF (32 kg/M°)

®

4,3,3 VELCRO Fastener Evaluation

To gain further experience and knowledge with the VELCRO
fastener, several small scale static tests were performed. These included the
determination of the tension, shear, and peel strengths of the nylon closure,
as well as the associated attachment problems in bonding the nylon clesure to
Mylar and aluminum. This data was used in the panel structural analysis of
Task I and Task II. (Section 4.1.3)

Limited testing of No. 65 Nylon.VELCRO fasteners at ambient
temperature and after LNp temperature cycles, indicates that the vendor coated
fastener (VELCRO style No. SA 0l45A - Methyl Ethyl Ketone (MEK) activated) was
suitable for bonding nylon VELCRO fastener to both Mylar and aluminum substrates.
While it has been determined that stronger bonds were obtained using a Goodyear
prime and Narmco urethane adhesive, it was also apparent that the VELCRO loop
and pile closure separated at a peel strength of less than 1 1b. per inch
(1.79 x 10% gm per M), of width of closure, and did not require the stronger
bonds. Indeed during the Mylar laminate casing material tests, laminate failure
was experienced before failure of the adhesive joint being tested.

VELCRO samples, bonded to substrates, were subjected to six
ambient cryogenic temperature cyclings before peel testing. Minimum 90° peel
strengths of 4 1bs. per inch (7.16 x 104 gm per M) were measured on the VELCRO
adhesive backed samples attached to aluminum plates. Separation occurred between
the nylon fastener and the adhesive, with ~50% of the adhesive remaining on the
aluminum. Similar 90° peel tests of the uncoated Nylon VELCRO fastener adhered
to aluminum plates with the Goodyear/Narmco system yielded test results of 22 lbs.
per inch (3.94 x 10° gm per M). Separation occurred between the Goodyear prime
and the Narmco urethane adhesive. 90° peel tests performed using the Mylar casing
materials as substrate resulting in delaminating the casing material regardless of
the adhesive system used.

Shear tests performed on samples of the VELCRO adhesive to
aluminum, and the VELCRO Goodyear/Narmco adhesive to aluminum, yielded values of
shear stress in excess of 12,5 psi (8.6 x 104 newtons per M2) without failures.

Shear tests of the assembled VELCRO fasteners (VELCRO loop to
VELCRO pile assembled under a 15 psi (1.03 x 10° newtons per M2) compressive load
prior to testing, resulted in a joint capable of achieving 4.25 psi (2.92 x 10%%
newtons per M?) shear stress, with approximately 0.2 inch (5 x 10-3 M) slippage
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occurring before separation. The complete shear stress vs. deflection curve for

a 2 in. x 2 in. (.05 x .05M) sample of No. 65 VELCRO closure is shown in Figure 44.
Results of other tests are shown in Table 8.

Tension tests of VELCRO loop to VELCRO pile assembled under
various closing pressures indicated that joint strength is independent of closing
pressure in the range of 15.to 50 psi (1.03 x 105 to 3.4 x 103 newtons per MZ),
and therefore one atmosphere is sufficient to achieve closure. Joints tested
indicated tensile strength on the order of 1 psi (6.87 x 103 newtons per M2).
Although this value is quite low and much less than the vendor published data,
it is sufficient for this application.

4.3.4 Radiation Shield Resistivity

The object of this test was to determine the resistivity of
the aluminized Mylar shield material to be used on this contract. Resistivity
is an indication of emissivity for a particular vendor. The procedure, which is
quite simple, involves measuring the resistance of the coating on each side over
a given length, and then subtracting the end effects by measuring the resistance
of 1/2 the initial length, and dividing by a dimensionless number per the
following formula:

R= (2Rt - R} - R2) W
L

where R; = Resistance of Total Length in OHMS
R} = Resistance of left half of total
length in OHMS

Ry = Resistance of right half of total
length in OHMS

L = Total length (Between extreme
contacts) = inch

W = Width of strip, inch

R = Resistivity - OHMS per square

The test sample in this case measured .25 inch (6.3 x 1073M)
wide by 15 inches (.381M) long. Resistance measurements were taken between a 12
inch (.305M) gage length. The sample was clamped to a Plexiglas table using
copper strips at either end to assure a good electrical contact over the total
sample width.

The tests were performed separately, on both sides of the
aluminized 1/4 mil (6.25 x 10~6M) Mylar radiation shield. The measured resistance
of the material used was 0.4 ohms per square while the contract required 0.5 +
0.2 ohms per square. The resistivity in ohms per square is a recognized
measurement technique.
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TABLE 8

SUMMARY - NYLON VELCRO TESTS

TEST SPECIMENS* Quantity Tested

astener 90° Peel Tests

VELCRO to Aluminum

VELCRO adhesive 4

VELCRO/Goodyear-Narmco 7

VELCRO to 4 ply laminate

VELCRO adhesive 2

VELCRO/Goodyear-Narmco 3

Fastener Shear Tests

VELCRO to aluminum
VELCRO adhesive
VELCRO/Goodyear~Narmco

iy =

Closure Test~ VELCRO to VELCRO

Shear

%3

== «

Tension

Results

~ 4 1bs. per inch to
maintain 90° peel ad-
hesive remained on
aluminum.

~ 22 1lbs. per inch to
maintain peel-separa~
tion occurred between
Goodyear and Narmco

Casing material delam-~
inate at ~ 4 1lb. per
inch

Casing material delam-

“inate at ~ 4 1b. per

inch

Ultimate shear strength
greater than 12.5 psi at
ambient and cryogenic
temperatures without
failure

Separation at 4,25 psi at
.31 deflection (See Figure 44)

Failure at ~ 1 psi at am-
bient temperature

* Subjected to 6 temperature cycles from ambient to ~320°F before testing.
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4.3.5 Casing Material Permeability

Two casing material laminates were used on this contract,
The interior portion of the panel, i.e. that not ordinarily exposed to atmospheric
air consists of a 4 ply aluminized Mylar laminate, while the remaining portion of
the panel is a composite of a Mylar-aluminum foil -Mylar laminated to the 4-ply
material. The permeability rate of both materials is required. However for the
laminate of foil and 4 ply laminate, since the permeability of the foil laminate
is so much less than the permeability of the aluminized Mylar, only the
permeability of the Mylar/foil laminate was evaluated to indicate the overall
permeability of the foil/4 ply composite.

Permeability Test Air Permeation Barrier Film

Four, 6 inch (.15M) diameter samples of a Mylar-aluminum
foil -Mylar casing material were helium leak chetked per procedures developed
under previous contracts (See Appendix 12). The results of these four tests
indicate that the material is acceptable for use as the barrier. (The material
will be laminated to the four ply casing material at the air exposed outer 1/3
of the SEMI panel). It will be necessary to visually inspect the material for
gross pinhole leaks. The results are listed below:

Test No. 1 Unable to pump below 50y - pinholes

2 Gross leak - No test

3 Less than 2.2 x 10-8 atm. cc. helium
per sec-ft2 atm. (2.37 x 10~7 atm. cc.
helium per sec. M* atm.)

4 Less than 2.2 x 10~8 atm. cc. helium
per sec-ft2 atm. (2.37 x 10-7 atm. cc.
helium per sec. M2 atm.)

Permeability Test - 4 Ply Aluminized Mylar Laminate

Six inch (.15M) diameter samples of the 4 ply casing material
were helium leak tested to determine permeability per procedures listed in
Appendix 12. Because of the high permeability of this material and the sensi-
tivity of the helium detector, it was necessary to use a special test gas mix-
ture of 1% helium gas in nitrogen gas, as opposed to using 100% helium gas.

By the use of this technique, the range of the leak detector can be extended,
allowing the permeability to be determined by correlating the measured leak with
the concentration of the helium in the test gas mixture, the leak rates being
proportional to gas concentration.

The established leak rate for the material used on this
effort was 3.5 x 1070 atm. cc. helium per second-foot2,
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APPENDIX 1

SEMI Panel Stress Analysis

Full Scale Insulation System

1. Thermal Stresses

Tank material: aluminum
Panel skin material: aluminized mylar

The contraction of aluminum shell Ffrom 293 to 20°K is 4.15 x 10-3

in/in. Average coefficient of thermal expansion for mylar film between
293 and 77°K is 2.22 x 1073 in/in. °K. The value of additional contrac-
tion from 77 to 20°K is not available for mylar, but it is estimated to
approach zero, particularly when compared to evacuation contractions
which were demonstrated to be .00625 in/in. of panel. Therefore, it is
not necessary to perform the dynamic tests at Goddard using liquid helium.
Thus, assuming that 4.80 x 103 in/in. represents the total contraction

of Mylar from 293°K to 20°K, there is a differential contraction equal to
0.65 x 103 in/in. which is active only on the portion of the panel attached
directly to the tank. If VELCRO fasteners are used they are expected to
provide the necessary motion without large resulting forces. On the other
hand, if adhesive is used, stresses may develop in the panel skin, since
the adhesive is expected to be quite rigid at cryogenic temperatures.

a. Stresses Resulting from Thermal and Evacuation Contractions

Assuming that an 8' by 8' panel contracts towards the center
the total contraction near the extremities of the panel will be 48(.,00065 +
.00625 = ,331 in.

///»Compressed Panel

4

AW
‘[ Deformed
T N e

Undeformed VELCRO fasteners
(Center)

0
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Some side slip in the VELCRO closure starts, to occur at a
deformation of .21 inch. This means that some slipping will occur at the
outer attachment points. If excess area is provided such slipping will occur
under constant force and once the contraction is accomodated the attachment
will remain under their maximum stress which, from test is 4.25 psi,

-v‘\\§\\\\\\
////,,*‘—Excess

Area

N

e —— N Joint Area

At the attachment points Mylar skin will be in tension. If
we assume the attachment areas to be 2 in. square, the force per joint

F=4,25x% 4 = 17.0 1bs.
and the stress in Mylar is
17.0 .
mylar 3 x 002 4250 psi
This is a safe value for Mylar. As long as there is an
external force compressing the panels, the same pressure will act on the
whole structure, since the space between the panels will also be evacuated.
The coefficient of friction for Mylar is found to be about 0.4 so that
the panels are held from slipping with a frictional force of 14.7 x .4 =
5.88 psi. For an 8 ft. panel to slip would require a tensile stress in
Mylar equal to

_ 48 x 5.88

Smylar = 002 = 141,000 psi

which would cause a failure in Mylar. On the other hand, if the Mylar is
held in place without slipping, the resulting strain due to thermal con-
traction and evacuation is .0069 in/in. This, from test, corresponds to
about 8,000 psi stress, well below the breaking strength in Mylar.

Since now the possibility is admitted of the panels being
held fast by the frictional forces it is necessary to check whether foam
can accept strains due to thermal contraction without breaking. The
average coefficient of thermal expansion for polyurethane foam in the
region of 293 to 77°K is 6.39 x 10~5 in/in. °K which means that the total
contraction is 1.380 x 10-2 in/in. Since the strain at failure for poly-
urethane foam is about 4 x 10-2 in/in. the foam should take the strain due
to thermal contraction without cracking.,

95



However, regardless of the strength of the materials involved,
both of these failures appear to be physical impossibilities if the time
element and change in temperatures are evaluated on a real time,

b. Dynamic Loads

The maximum axial dynamic load is 8.5 g. This load will
place the side insulation in shear and the head insulation in tension or
compression. The panels weigh 2.5 1b/ft3 recovered. Since the thickness
of recovered panels is 0.5 in. and we consider three thicknesses of panel
to be attached to the tank, the total stress is

W = %4,2 < ;_5_.1_1.._?_21_5_-_5 = 0.0182 psi

W is the dynamic force per unit area exerted as shear on the side insulation
and in tension or compression on the head insulation. Since, due to atmo-
spheric pressure, there will be a force of 14,7 psi normal to surface and
5.88 psi tangential (friction force), there will be no slippage or sagging
of .the insulation panels.

The maximum transverse dynamic force is 1.5 g. The same
arguments as above hold, so that no difficulties should be anticipated.

2. Stress Behavior of Panels While thev are Cold but Recovered

With panels recovered, but with launching loads still imposed, the
following modes of failure should be considered.

a. Differential thermal contraction

b. Shear load on side panels skin due to longitudinal loads
(8.5 g max.)

c. Tensile load on head panels due to longitudinal loads,

d. Combined shear and tensile load on the side panels during

axial acceleration and vibration.

e. Tendency to break the foam sheets in buckling due to longi-
tudinal loads.

i Stresses on panel casing material seals



a. Differential Thermal Contraction

Since there is only the differential thermal contraction
acting on the panel the effective contraction at outer attachment points
is .0312 in. (see la). From test, this is equal to 1.3 psi on the VELCRO

joints, which is well within the capability of the closure.

b. Shear load in Side Panel Skin Due to Longitudinal Load

(8.5 g max.)

The force due to dynamic load is 0.0182 psi (see 1 b)), Al-
lowing 4 in? of VELCRO attachment area per 1 ft2 of panel the shear stress
in the VELCRO joint is .0182 x 14% = 66 psi. Added to the thermal con-
traction stress of 1.3 psi, we have 1.96 psi total shear stress which is
safe for VELCRO joints.

C. Tensile Load on the Head Panels due to the Longitudinal
Loads

Since the panels are on the front end of the tank the steady
acceleration load of 2g will cause the compression of the panels, however
these forces will €2ause po problem because of the low panel density. The
vibration loads will, of course, intaoduce both tensile and compressive
stresses, but the response of the recovered panels to vibrations in the
20«150 hertz range appears to be so low that no problems are anticipated
with this type of loading.

d. Combined Shear and Tensile Load on the Side Panels During

Axial Acceleration and Vibration

This load can occur in the following combinations:

Shear load: 8.
2.

g, tensile lcad: 1 g
Shear load: 1.5

58

5 g, tensile load: g
For 8.5 g .shear load it was found in 2b that the total

shear stress is 1.96 psi. In itself this stress is satisfactory for

VELCRO fasteners.

The tensile load will not be distributed uniformly over all
the attachments.
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As shown in the figure, the contents of the panel will exert
a pressure on the outer skin which will then be transmitted through panel
edges to the inner skin. From this it follows that instead of being
evenly distributed over all the attachment points the load will exert a
pull on the outer edges of outer attachments creating a peeling effect.
The peeling of the joint, however, cannot occur unless the force acts

- O
17}
4 RO

at an angle of at least 30° from the plane of the attachment. In order
for the force to act at that angle a certain sagging of the panels must
occur. =

It may be noted that the cylindrical panel system has a
fixed outer circumference resulting from panels being sealed at their
outer edges. The upper half of the panels compresses somewhat under its
own weight and the weight of the lower panels hanging on them. Under
1.5 g load this amounts to

0.0182 x =213 = 0065 psi
8.5
and the compression corresponding to this pressure can be neglected.
At the bottom the panels will compress under their own weight x 1.5 g
which is also negligible. If the attachment is, say, 1 inch from the
edge of the panel, in order to achieve a 30° angle with the attachment
the deflection § is

& = g sin 30° = 1 sin 30° = 0.5 in.
Since such deflection cannot be attained, the panel contents will rest
on the outer skin before any peeling on the VELCRO fastener occurs.

It is, however, recommended that VELCRO attachment be placed at least 2"
away from the edge of panel as a precaution.

98



e, Tendency for the Foam Sheets to Break in Buckline Due
to Longitudinal Loads

The foam sheets inside the panel may buckle when exposed
to longitudinal loads. The most severe case will be buckling of the end
of the panel which will be equivalent to a column built-in at one end and
free at the other. ¢

P —l —_— (‘
~~ ¢
/?b_ P
|

The buckling condition for such a configuration is

p = I-EL
1.2
or
- o JEL
L =547

From test EI = 1.30 in4~psi/ino of panel width. Assume P
to be the weight of a strip 20 ft. long x 1 in. wide x .5 in. thick mul-
tiplied by 8.5 g.

2.5 x8.5% .5 % 20
= 144

_ ﬂ,’l.BO - .
L= 2\ 1.48 1.47 in.

Thus, the smallest length to buckle is 1.47 in. To cause
breaking of the foam substantial deflection § (higher than 0.5 in.) will
be needed for this length. Again, because of the fixed outer circumference
the deflections will be limited to small values, so that buckling is not
expected to be a problem.

P = 1.48 1b.
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f. Stress on Panel Casing Seals

The most serious stress appears to be the peeling stress
on the panel seal which could come into being with the configuration of
the panel as shown below.

i
| (P
i‘v,'__‘ _ [’_/’
=] ol
TREL I
P N ‘/
g
‘i ]
s A (/ For an 8 ft. long panel the weight per inch of width is
g 3 x2.5x%x8=x%x .5 .
:j 150, = 0,208 1b./in.

With 8.5 g P = 1.77 1b/in. of seal. Since the seals can
withstand greater forces, this is a satisfactory condition.
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APPENDIX 2

SUPPORT END INSULATION THERMAL ANALYSIS

The upper end of the Model tank is not insulated with a staggered polar
panel system, as is the lower end. Instead, it is surrounded by a cylindrical
plug of foam. This foam is isotropic and of uniform thermal conductivity k.

To evaluate the temperatures and heat fluxes within this foam plug, the
temperatures at all surfaces were prescribed as follows:

(T =T (r,2))
Top Surface: T (r,4) = T, = Toall
Inner Pipe: T (r,z) = T = Teryogenic
Spherical Insert: T(r,\/ro,z) =T.,,2<h

T, + (T, T (G5, h< 2 £ (=)
e TO —d
T. z> (4- d)

i i ;—if—-rc )
-

) FOAM

SEMI Panels

One can see that, at the outer surface, the temperature is prescribed at
cryogenic for a certain height h, then increases linearly to ambient, remaining at
ambient for a distance and at the other end of the plug.

The Fourier equation in cylindrical coordinates is

2
12, om  a%
. 2% (r or + AZZ =0 (1)

Partly because of the geometric complication introduced by the hemispheri-
cal insert at the bottom of the plug, a simple relaxation technique was chosen for
solving the equations.
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Since the system is at steady state, the sum of all heat fluxes entering
any point must vanish. Thus, from diagram at the left:

r T/,g--\-\
; -
4,‘12

A2

+q_=0 2

qr+ + qr~ * qz+ it Al

where AUy = 2, (Tr+1,j - 1,3
G- = % Pimg,y 7 Ty
Yt = 254 Ty 501 ™ Ty 5
9 T Bpe (Ti,J‘l ) k,j
and a = ZrkAz
™ @+ %)

-
Ln (r.-s )
-1 Tr
a = 2k ry Ar
z+ Az

'n'kr_‘ (Ar+SQ

z= Sz

[}

a

By setting up a finite-difference mesh within the plug, setting up a heat
balance equation in the form of equation (2) at each point, and assuming an initial
temperature at each point, we can sweep through all the mesh points repeatedly,
using equation (2) to find Tj 4, until convergence is achieved. We then eval-
uated the heat fluxes from the converged temperatures as summarized in the
general text.
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FOR INTERMAL PRESSOLRE Cue-27, £3.4)

CIRCOMFEREMTIARL STRESS (LONGITODNVRL

PR JIOIWTS D
b= SE~0.&6P
WHERE ©

MmN munn RECQ'D THICWNE S

Pz MAXYIMUDY DESIGHN PRECSLRE
= 1§ PSi
R = INVSIOE SHELL RADILS
= 15 v, ]
S5 = MAXIMUI ALLOWHBLE STRESY
= 10, OO0 PSi
E = JOINT EFFRWCIENGY
= O.70
SUBSTITOUTIVVG
1§ (15) -
10,000(.7)— . é(vg)
OTES = 0.l62 1IN,

@ P= 100 PSi., t=0,280 0., —> S = 8(LLO PSI

S R 100 f50 RURSTWLWE  OISK WILL 8& EmMPLOYEQD

ForR ExTeERNAL PRESSURE (UL6G-28, €3.11)

REFER TO Fi6. UNF 28.23 ( Sheel &)
FOR DETERMINVATION O©OF SHELL THICKNVESS
ULVDER EXTERNVAL LOADINVG

WHERE t = MMV RER' 1D SHELL THICKKNELS
L DESIEGNV LENVGEGTR ©OF TALK
= DISTAME RETWEEMN HEAD -RENU
LIVES PLLUS OPRE-—-THIRD OF EBEACH
HEARD DEPTH
= 29"+ 08 + KO = 3Y v,
= OUTSIOE SHELL DIAMETER
= RO 35\),
~ P = ExTEQWAL OESIG PRESSURE
DESIGN CALCULATIONS = 15 Psi. c;‘ié‘ REFERENCE DWGS.:
UNION CARBIDE CORPORATION T e Yo YL
LINDE DIVISION
TOMAWANDA LABORATORIES
TONAWANDA, N. Y. 14152
106\74-4




$IUINGS 402 (%/")e @

41001/ " a0asunNL A Q0| = SnIPDY 91801 :SININGS ¥OS
°G/ 7 = sdpwintg 018400 = 4iBuo) :SUIONIVAD O3

su3aNA> WO (i ')e) 8 YOLIVS
o o
g 8588 38822 83328 8888 83838 4o .
g€ §52 ¢ Qe ¥ 23223 3 A2 S22 288 2
1 ) .
] 2
“ :
| »
- i A .
3 ! %
-t = } o ~
! 21T I g it .
i a I - A
: 1 \ﬂ\
| 01=4/00 } 4 —
T1 13 i =z o
.I“f + - - = P Fou
IM. .. \ -l A LA i M
STz . NHH PR - ' ‘
Jﬁ.« ~ L,IMVA . - \ .
‘_ﬁ T F—; S \l r\rf\ -
0o
ey JeEam et iy z
oy I\ -~ o -
H.@.\LM-—I\OQ 4 ; > £ ‘N =& lﬂl\l \., | r\
- i Yo g s X
05 1/°g T LA . . \\x 1]
0 0 e Gl o Sabisd 4] ﬁ\\n
&nas\oo - - el
h I\ ‘\, .\“. -
03> /90 137
L ¢ vt
T \ ¥ 0
08 i/ mﬁ-.mmﬂL L ! WM
A * -
LI | zzd9%10%% Tl
oo,.,....\on_1 T . i o g »L —
ﬂlxﬁ.wl [ ey -t t ol .AW\ — -+t Hv..t
me—.‘.\wn T C — u\\ ) t .1 -
o 11 g
v # - \\A LAt RS e
- fuanet —4 \ + S
T I
ﬁ rl»x.lrdﬁw ~
! R
- 4+ -t \\ - .o¢¢4‘
JEEEEITIEEE Y 3 TR
° o o

107

Hb

oF

REFERENCE DWGS.
£

BHIEY O

0.01

COMPUTED BY
DATE

jcHK'D
APPY'D

000t

FACTOR &
not less than 18,000 psi)

0.000t

5083 (O or H-113 Temper) (For material having a Yield Strength
14152

LIKDE DIVISION
TORAWAMDA LABORATORIES

TORAWARDA, H Y

00000

VESSELS UNDER EXTERNAL PRESSURE WHEN CONSTRUCTED OF ALUMINUM ALLOY

FIG. UNF.28.23 CHART FOR DETERMINING SHELL THICKNESS OF CYLINDRICAL AND SPHERICAL
UNION CARBIDE CORPORATIOR

“174.4

ESIGN CALCULATIONS

pL]



USE OF FIGURE UNF - 28. 2%
LET £t = .25 IN.
L 3Y
—_ T e——— = ],
D, 0 3
Do _ 30
& o.285 leo
[ = 4B OO
Po= MAXIMUM  ALLOWARLE WORKING
3 Ygoo
S = = = Yo #PS
Oo/¢ 120 K L

R SHELL THICKNESS

O
WELL

.28 1IN,

CRPRRBLE OF MEETING THE DESIGH

( SHEET %*g5)

PRESSURE

1S THEVE FORE

REQUIRE =
MENT OF & Psl EXTEQWAL LORDINNG .,
Hero WarLr ThmickNEsS
DESI\&W DRTs
REFER TO ONTA FOR SHELL WALL
FOR INTERMBL @ PRESIUVURE C UG-27, ¢e4y. 12 )
P 2SE ¢t
- R+ 0.2 t
W HEN P X 0.668 SE
SURSTITUTING
2( 10, . o.i7s
oo (10,0003 7)( > _ 163 st

1€ +0.2 (0.175)

WHERE b= 0178 1S

MMV

HEAS TKS.

ESIGN CALCULATIONS

JCOMPUTED BY

XKE

REFERENCE DWGS.:

DATE

CHK'D

UNICN CARBIDE CORPORATION

LINDE DIVISION
TONAWANDA LABORATORIES

SHEET NO. 6

Y4

OF

apP'v D
TONAWANDA, . Y. 14152
L-174-4

108



FoR EXTERNAL PRESSURE
THE QPROCEDURE AS OUTLINED
PARAGRAPH UVE=-28 (d4d) wilL RE

FOLLOWED .,

NOTRTION

Y

= MIMun SPHERICAL SHELL TK'S
L, = SPHERICAL SHELL RADIUS
= 1§ in.
Co = MAX IMULUAY ALLOWHGBLE PRESSURE
- 8
YA
SOLVING FOR THE PARBMETERLS REGUIRE D OF
FIGURE OLMF-28.23 ( SHEET ¥&),
th. = O. 17715
L 5" ~
= = O, 887
loot, 100 (17§ ) 8
; @ = 5500
O= — o E292 . ey esI
L'/'t‘h &/ 98
A A HEAD THICKNESS OF 0.080 1S CAPHGLE CF

MEETING JBOTH TRE

INTERINS L PRESSLRKRE DESIGMN

EXTERWAL CPRESSOUREK

AND

REQUIREMENTS .

JESIGN CALCULATIONS

JCOMPUTED BY

LRE

REFERENCE DWES.-

vaTe

UNIOR CARBIDE CORPORATICR
LINDE DIVISIGR

o Hf

swgsTmo ]

TORAWANDA LABBRATORIES
. TONAWANDA, ¥ Y 14152

APP'Y D

D-

FQ 1 1783-4

109



WeienT O Tanwx

:?::;"géz—\m, = VOLLME OF  ,  VOLOmE oOF
n RE _
VOLUME onveE st“E OWE QVLxr\iDcR
30.00" 0.0, 20.00" 0.0,
29.60" T.D. )% 29.50 " T. D,

_ 5 3] 2.y () z -
Vou = 4 (3.19){ 20.00 —2%.60 [+ T {3o-00 19.50j
= £€8 +.56¢1
o, 3
i1ig N,

it

OEMSITY ofF &083 AL = 0.097 “¥in?

I TAWK WEIEGHT = ©.097( 11L19)
= 109 L®&S.

ARE A AREM
AREPR COVERED RBY INSOLATION = OF + oF
HEPWSPHERE  CYLIWLE
—_ . :
A= —;“(30) +T(303(‘7o> = 8O w*

= £5. ¢ FT.Y

OENSITY OF I1NSOLATION = 0.3 “®/Fr?

2. WEIGHT OF INSOLATION = §¢.6 (0.3)

!

17 LBL,

2. WEIGHT OF £ 1M, TRANSITION JIOINT = Y& L&S,

(ReSer To "Tole=Tuwral E’“i“"“"”"w:“‘i Darta Sheel)

% 1SS A AUVERRAEE SPLUN HE M
THICK (B S S oF  O. OO0 o,

" DESIGN CALCULATIONS

cCOMPUTED BY

XK& REFERENCE DWGS.:

DATE

UNION CARBIDE CORPORATION ' qoweerne. 8 o YE
LINDE DIVISION
TOHAWAKDA LABORATORIES

TONAWANDA, N. Y. 14152

FC A L-174-8

110




VOLUME, OF FoAam I NSULLATION

BKIATT

x VO;:"‘E VOLUME OF VOLUME OF
FOR M CYLIWDER HEMIS PHERS
29.68"" .0, (29.84y"T.0.%
28" LowG '
T ]
e 3M9(29.00) (28)  2.M(20.8¥)
Y (1728) 12 (1928)
= W8 = Y o '
= 7.6 FT?
B DENSITY OF foAm = 2.0 =88 /ped
o WEIGHT OF FoRAM = 7.4 (2.0) = I¥.8 LBs
TOTAL WEIEHTS ACTING OV TANK
‘ ‘zc‘-.':-\,‘:“- ~..-: -’ : | R :
TS )
A 1 - - Co b :
NI IS x
i ” ‘» :
—_— * R -
LI L - l ‘1
}... ' 'ﬂ ".c— : ;' e e
j’ 'l - . ot r. '
"l;" i: \. \a : k‘
SUMMAAY OF \WEIGHTS
DISTAVEE EQOM
TTEM OESCRIPTION W) GHT FLANSE SURFACE.
A SLPPORT ELANGE §6 Lbse, .8 ian.
.8 VECK TUGE REOLCER & Y.&
e T VRETHANME EOAM 1y - j
D TTRANSITION JOIVT o .0 :
Y L WNEVLATION T 177 2.0
E TAMOK . “ 109 HR. O
& 1 4%, © .

TotRL = 280 L85

BEFERENCE DWaS,

HE D

UKIDN CARBIDE CORPORATION

LINDE DIVISION
TRMAWANBA LABDRATORIES

Y6

HHBET B ? er

PEY R

111

D-



DOvymwamic LoD VES lé.o G, TRANSPORT SHOCKS

e—————— 33 .56 MAX.
I
N,
3 yes
\
N Ce
3 St e e B ammee 8.5 6. MAX,
N
N
N RWTLNQ
F.‘," v iUQTC’. : J
oSt °
2 200 LBS c\::zd;:c o mc;‘r_

SﬂmuLTamgousLy

MAXIMUM LOMGITUONAL LOADS 8.5 6. (VECK TuRE
COMPRESSION )
®=200(8B.§) = 1700 L8s.

mAxXimum LATERIAL LOAD § 1.8 &, (VECK TLRE
SHEAR)

P=200(1.8§)= 3O LGS,

MAXIMUM MOMEMT 2 1.8 G ( VECK TULUARE
' RENVDING D

m =200 (1.€)(33) = 9900 iNV.~ LAS.

NVECH TUVUGBE ot L BE CONSTRULUCTED OF
TYPE RoyY STHRINLESS STEEL ( Scamnless Tubt.-‘h:'s)

ALLOW ABLE STRESS = 18,7750 esi.

TAKEN FROM TARBLE uWA- 23
SPECIFICRTION MNO. SA - 3746

.,! ESIGN CALCULATIONS ) [COMPUTED BY | REFERENCE DWGS.:

XXE

DATE

leni'n

UNION CARBIDE CORPORATION seerne 10 o YL

LINDE DiVISION v
TOMAWANDA LABORATORIES prre
TOMAWANDA, N. Y. 14152

wm

1784

112



&

Neck Tuese WaLlL THCKNESS 5

THE FOLLOWING LOR/ROING COMNOITIONS will
RE. CORIJIDERED 100 SI1BInG THE NELK TLORE
WEaLL THCKNESS !

. TVTERIVAL PRESSUVRE
2. ExTeER VAL PRESSURE

3, COMPRESSIVE STRESS RKESVULTI\WWG FRom
LOWGITLODVAL COMPRESSION PLLS
LATERIAL QKREVOING . ( COMPRRED LiTH
CRITICAL BLUCKLING STRESS)

Y. SHEAR AND COMPRESSINE STRESS RESLULTING
FROM TAMK HALF FILLED wiTH Loy WHILE
IV HORIZFOMTRL ATTMITLVOE

L &, TESILE STRESS WITH TANUK 1IN VERTICAL
A POSITION ANVND FILLED WwWITH LNy
CIVTERLAL PRESSURE EFRFECTS INCLLOED)

6. FLEXWVRE STRESS CALSED RY TRAMNSPORT
LATER!H-L. SHOCK LoRDIvGS

7. VATLVRAL FREQUENIY

OOTE &
ALTHOOGH B 6" TO £" REDVCER 1S OSED v THE wWECK

TURE, A CONSTAMRT £"DiAa. OVER THE ENTIRE LEVGTH
Wikl BE ASSOUMED FOoR CompPuTATIONS .

Item |, DESIGN FOR INTERVAL PRESSURE
(REF. UG ~27, P3. 1)

CIRCUMFERENVTIAL STRESS (LomeToOMvAL
JOINTS)

PR
- SEm ovég

t

DESIGN CALCULATIONS °°;,;,;§° *" | REFERENCE DWGS.:

DATE

ICHK'D

Y

UNION CARBIDE CORPORATION suserwo. || or

LINDE DIVISION o
TORAWANDA LABDRATARIES i
TONAWANDA, ®. Y. 14152

WM L1784



MR TERIAL = TYPE 3oy STAIWVLESS STEEL

JOINNT EFRICIENCY
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FIG. UHA-28,1 CHART FOR DETERMIMING SHELL THICKNESS OF CYLINDRICAL AND SPHERICAL
VESSELS UNDER EXTERMAL PRESSURE WHENM CONSTRUCTED OF AUSTENITIC STEEL
N (18 Cr=8 Ni, Type 304)
ESIGN CALCULATIONS K |RErEREncE owes.:
OATE
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B = 14,000

8 14, 000 .
Pa_ = - A ] ,'-_‘a.,/kj Pé' ®
Oo/ J1.55

J. A NECK TURE THICKIESS OF 0.2858 v,
15 SUOEFICIEMNT TO HANMDLE THE EXTERVAL
PRESSUVRE LOADING -

Ivem 3, CompRESSIVE RBuCKuLING

FRom SHEET Tlo

maeximenm COMPRESSIVE LORKRD = (70Q LBS.
MAXImuom RENDING MOMENT = 9300 inv. - LAS.

L. MAXIMmULM  COMPRESSIVE e . mc
STRESS - A T
WHERE

A= 5—;—_}-“-—85.54,)"- (s.oqf} = 4.327

(ASSLMING A 0.258% v, WALL TKS.)

2.0y Y 3
= s - (g, = .
I =7 [(5 £ - ¢( O‘l)] 15.229

SVRSTITOTING

1700 9900 (2.78)
AN = + . =
MAX. © 4y 227 1S 229

2200 <1}

THiS MAaXImus STRESS wILL NEXT BE COMPARED
WITH THE CRYTICAL COMPRESSIVE QBUOKLING

STRESS ,
DESIGN CALCULATIONS Z“KE * | REFERENCE DWGS.:
ey *Lﬂ
UMION CARBIDE CORPORATION suerrno. |U or Y[
LINDE DIVISION —
TOMAWANDA LABORATORIES
TONAWANDA, H. Y. 14152
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REFEREMCE FoRr

FORMULRAS ok STRES: nAnD STRAIN,

ROARK, Mc 6RAW  HiLL

FooeT#H EDTion)

( PAGE 3Le ThsES ™ 28 ¢ 2¢)

COVSIDERING FIRST THE LELUEOCE

Crimicar RuekLivg Stagss
RAYmowvD X,

LOADIN G  LPOoR A THIN WALLES TugE ,

s'

1

WHERE

=

’ i

S
E =
H =
\'a
»

- ‘U’"(VW

cCRyTicAL
Boxi0f sl
O: L8 6 1M
2.78

k- 0- 30

2ox10% (. 2€8)

CONSIODERING (VEXT

BENVOING mMmom BT

WHERE m'
4

m' = na(

THE G Gove Com PUTED
BCEE D THE OESIGn

o

L
3
-9

2.78 ]/, CT

™HE TRORLWENCE
PO B THiv WwWALLED TUukE,

€ v‘tl
— w2

CRITiICAL RKREVOILE MOMENT™

COMPREISIWVE

= l.éero" el

CorvsTANMNT ( ©.™1L mMimimum)

=228 )(’1-78)( 268\ "= 4.39xs0°

0.91

CaryrTieRl. VALWLES

REQOIREMENTS GIVEND O/
PRV oL G-

. SHEET W, AND FURTRERQ ComPuTATIonS
STHE SOPER ot i Tron)
TO RARRWE &7 A ComBIED CRTICAL WERS AXIT

DEVELOPEL,

Of

S

O  LONGToLoOWHE L

STAESS

Ok  TRAMNSVERSE

Byigl. AN REVDING. LoAdSs

N -LBS

DESIGN CALCULATIONS

[COMPUTED BY

LKE

rO'A?I

REFERENGCE DWGS.-

URION CARBIDE CORPORATIOR

LINDE DIviSioN

TORAWANDA LABDAATORIES
TOMAWANDA, B Y 14152
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A
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B8 1788
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TTeEmM VY. SHear Ave LomePRESSIVE STRESS
DUE 0O LN, LOADING

THE TAWK wilLlL RBE IV & HORIZONTAL ATTITWLROE
HBWD COULD BE RILLED TO HALFE OFITS CARPALCITY
DURING COOLDOWNR PRIOCR “TO0 VIRRATION TESTING

TOT AL VOLUME VOoLWLME

TAMK = o& 4 oF

VOLUME &S PHERE CYLIVDER
(ze v, DIRLY 30 IV, QIA,

26 IV, L.ONG
3.4 N3 2. e e ®
- - (30) + T(atg)(:so) = 31086 N,
:s ,8 Cu‘ FT,

DENSITY OF LIALID MITROGEN = 50.496 =73

WEIGHT OF LN,
WITH TANK ONE = 45§ LBS
HALE EBEILLED

8 ﬁ

AR
i3

EQUIVALEVT  LoRo
OF 6S¢ L&S ACTIVUG
AT 39 INCHES

LLLLLLLLE/

=

DESIGN CALCULATIONS ‘°§:§E" REFERENCE DWGS.:

DATE

CHK'D

UKION CARBIDE CORPORATION e @2 HE

LINDE DIVISION e
TORAWANDA LABORATHRIES
TONAWANDA, #. Y. 14152
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2 ess”

SHEAR STRESS =

OUE To GENDING %R 3.y (€.563" - €.06%Y(2)
9 B .
= ROk PSI (WEGLIGIBLE)
COMPRESSIVE STRESS _ mc 39 €83 2.78)

DUVE TOo BENDING - TF = 3'“1 y
- (£.86) ~(£.05) ]

= Y9Iy ess

THS STRESS LEVEL 1S SELOW THE MATEMBL
XeLO POINT  AND REPRESEVTS A SAFE QESIGwW
CONDITION,

Item § TEvsiLe Steess Wren Tank Is Iwv
Vegmicar fPosimion Amve Fien Wiaith
Liouin MTrRoeen AT+ 778§ €SI

WT. O0F TAMVK PLLUS LNV, = 200 + 910 = NIO LBS

= 2 eRr
Vax. TEVSILE = A + ot
- NOO .- IS¢ 2.8 D
2.4 ( .56 - S.08") 2 (.7258)
Lf
= 663 esi.
Ivem 6 FLexuvre STRess Chused Ry 6 &

TRAamsPorT LavTerRislL SHoek

lconpuree BY

UNION CARBIDE CORPORATION R R W N/
LINDE DIVISION )
TBRAWANBS LABORATBRIES -
TORAWAHRDA, B V 14132

PO | 174R-4
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il 24l i .d

T TAvK wWT, = 208 L8s

< l 6 G, LORAOING

VOTE
AV AMPLIFICATION FACTOR OoF 1,2, witL Q& TAKEN

maximum RKREMVDINVG FORCE
m= G (2003 iI.2) = |HY0 LRSS,

COMPRE SSIVE STRESS DuE To QEMLODING 0 STEE L

_ mc
A "
_ MU (33)( 2.78)
KN Y Y3
= | (s.56Y'- (Con)’ |
= 8820 esi
_ e
QHEAR STRESS =
OLE TO BELDING- 2R
= iWyo
39"-/ Z 2.
S.& - ( §.0¢ (2
S ] (shse) 3
= 678 €s7T

COMPRESSIVE STARAESEE DVE TO GENVDING 1MW THE
BLwmincuwmy EVWD O TRE TRASNMVSITION IO INT

(SEE  SMEET /T FOR CRITICAL STRESS  ComPLTAT/oMS)

DESIGN CALCULATIONS e

[COMPUTED BY | mEFERENCE DWGS.:

ATR

BHERY MO '8 or L/é

UNIOR CARBIDE GORPORATION

LINDE DIVISION e
TOMAWANDA LABORATORIES APFYe D«-
TOMAWANDA, M ¥ 14152
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me wyo (28.) (3.313)

V= =
I 2.0Y ¥ Yy
= Yoo Psiy

THE STRESS LEVELS FoA THIS NECK TURE LOADING
covdITION ARE RELow THE MATERIAL YIELD
Poi1vTs AN REPRESEAT SAFE DESIGAN ComnoiTioals

Steess Levers A+ Weroed Joints

WELDED ATTACHMENT OF NMNECK TURE ToO SPHERWCAL
SHELL ( REFEREMNCE : WELDING RESERRCH CoounvCil
BULLETIV (MO. 1077 — ”LOCAL STRESSES 'V SPHERICAL
AMD  CYLINORICAL SHELLS OULE To EXTERNAL LOADINES")

1790 Lbs Com pression

‘' gioe iw.-Lhs .
Sa-ndh.a ) ths Shear
2 e ' 2
4375 "L weld

or
S

L3
m = {I‘i (22.8€3 +109(28.8) + |0( Q’Q“,Q)z(%ﬁ) = 60LE@ 1M.~ LaS
OSE ¢#00 I0-LA&S FoR OESIG CALCLLBTIONS

IESIGN CALCULATIORS ?.;"éﬁ" " | aEreRENCE DWES.
BATR
UNION CARBIDE CORPORATION 7 swesrne 19 o YC
LINDE DIVISIOR T D
TBHAWANDA LABBRATBRIES w
- TORAWARDA, B ¥V 14132

-1 174-4 1 2 1-



DETERMINE THE STRESS COUCEVTRATION FACTOR
RERUIRED FOR COMmePuTARATION SHEET No. 2)

Ve FILLET RADILS
+ PLATE THICKMVESS
= 0. 28]
0.280
= 1).0

Y

0.08 010 018 0.20 0.2 0.30 OEsBesmg
T T T T T 8
J
r

x

r
#
W

Tnuﬂ.ﬁ

TENSION
EXPANDED CURVES
USE SCALE B

BENDING

STRESS CONCENTRATION FRC

CUAVES

RATIO OF "I.I.(AT RADIUS 70- IHILL OA ﬂ;’llt! T““““\%':‘;”Mi} K
Fig. B-2—Stress concentration factors for D > d
USE OF COURVES SP~-| O §P= 10
Fi6. vo. 28 r Vx T Ny T M My
® ° ¥ =
Sp.' 2 \g‘ 1.00 0036 .OS’S’ aoa‘]g 0088
L9 -3 i 2,00 kY . 6O SO . 0098
SP -5 1&8” .00 e 20 . OB - 035" .O108
Sp-' 6 ,s" Z.DO e023 a', 0099 anq‘g—
INTERPOLARTED & .86 - 1857 o 3b L0183 s QOYY
VALUVES 1§ .56 « 10 .096 .026 LOI27
1.3 1.86 s 158 = 194 0232 Oy
ESIGN CALCULATIONS (Yxe *' | ReFERENCE DWGS.-

YT

UNION CARBIDE CORPORATION suzerno 20 or LY

LINDE BiVISioK -
TONAWANDA LABORATORIES AP D,.
TOHAWANDA, 8 ¥ 141582
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Table 3—Computation Sheet for Local Stresses in Spherical Shells (Hollow Attachmant)

1. Applied Loods® 3. Geometric Parometers

bt v e T mous
S bene, ;. BJOG ¢ L l.se
gverfumilnz M mz u _ﬁ:_n_f 1.29
Jorsiono oment, T Q v Rm
2. Geometry 4, Stress Concentration Factors
Yessel Thickness, T M due to:
Vessel Mean Radius, Rm _is membrane lood, K, - 1.§ HOLLOW ATTACHMENT
Nozzle Thickness, t _238_0_ bending load, Kb
Nozzle Meon Redivus, 1, - 217 NOTEd: Enter t:'II torce values‘ in Rm
Nozzle Qutside Radius, IS _.3_:.31 accordance with sign convention
From Read curvas Compute absolute values of STRESSES - if load is opposite that shown, reverse signs shown
Fig. for stress and enter result Au AL By BL Cu cL Dy DL
"’-‘I"’ g 'sa Kn (";’) LS -2I08] - 2l08™| ~2105] - 210§ | 2105} -21087| -21057| 108
* %&32 W () F 1607 | 1607 |+ 1607 |+ 1607 |-1607 | H1607 | -1607 |1 1607
st (vt [Ty & 0 oo |- ccs |- coc | oes
Bl | (ET) L B 3izc| wse| wise |36
SANCCE R,
= ; Moy R oM _ ‘ ~ 2 /?/ /',// /’? /
! Moses | ) Ty R ° ° °l ° ///////,é//////x,,/////////,//’////////,//’f
Add algebraically for summation of O x, - -3712 —-qqg —'498 -4Y98 L7£w+|?7o + 89 _2767
R B2 oy | () - 2586 - 2686 | ~2$BS| -263S|- 28| 2587 | ~2586| - 268 ]
1%y
VL% oy (%) -+ 790 | 790 | 290 | 790 |-790 | 790 |- 7% |+7%0
e wn T | (N w1631 |-163) |-1s3 | s
s ! - : 2 252 2% 24 ek
NyTy BT N AANA ! Z 7% // 7// %
%ogp |\ n > T R ° - ° - %% %%
| ™ ) Ty R ° ° ° ° ////////é////////%//////%///////%
Add olgebraically for summotion of ¢y, - _337; qg __75' S -6770|-1y62 | +20 |-
V5 DA ?"( 57
S R o elelo
. ; 75 5y 77 24 hrrs borr berrr,
Shear stress dus Vi . '7”////////"///////7/////////"////‘/////
e FE o lte | oo |6 ] o o o
COM;!:“E[’:“SYR;SS INTENSITY, 5'
When t, & 7. hove ke signs 5 ,[ (LN \0—_\ Yooo4 J
Whe O 5 largeatof s |,,_ ,,_! o "76_00
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VSE OF CURVES EM=-1 TO SM-IO

m m m m

Sm -2 kg ).O0 .O38 . 086 NeXk¥:) . Ole
Sm- 3 K 2.00 . 0770 .ON0 Ok . O0lG
%m"s‘ 'g- 'ooo 9023 .07'{ noq-? -0'7
SM={ £ 2.00 .02y 25 027 .02Y

I WTERPOLATED T  1.5¢ . 056 . 047 .020 . OI6
VALLES iy 1.5¢ .0236 .J O3 026 . 021
1.3 1.56 O356 . OBZ .0%2% LOl92

THE RESOLTS IVNDICABTE /A MmAXIimMunt ETRESS

RELOW 5 PSS AT THE WELOED CONVMECTION
OF THE TRAWNSITION ToOIAT T THE HEMISPHEMCAL
HERD FOR THE SPECIFIED LORADING COMDITION,
THIS 1S WITHIN G THE YIELD STRESS of So83-0
ALuMmiVUm (21,000 PSE) AVD ACCEPTABLE.

R SECOMND DESIEN CONDITION OF THE WELDED
JOIVT RETWEEN THE NECK TURE ANVD HEMISPHERIWCAL
HEAD IVVOLVES THE LOADING ENCOUOIVTERED DLURKIVG
TRAIVES PORT,

RENOIVG  _ ! _
MomEVT D’)('L'z.g).;. 109(28.8) + »o(ss..g)X 6 (1)
= 29,100 IN-LGS
(VSE 20,000 IN-LRS FOR OESIG

B CRLCULATIVG eRroCcE DUAEB
THE

d QLCULQTIQNS>

SIMILAR TO THAT ok
PREV IOVS CASE wiill QE EMPLOYED,

SHEARING o (1M + 109+ 10)(C)(1.2) = 980 L&S
FoRCE

(USE, 1000 LGS FoR DESIGN C’ALcuLﬁ‘riorv,s:)

DESIGN CALCULATIONS [comeuree av

YE REFERERNCE DWGS.

BATE

UNIOM CARBIDE CORPORATION meerno 22 or YL

LINDE DIvViSioN

TOMAWANDA LABORATSRIES i Dm
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THE RESULTS HWOICKHTE A
REPROX ITMATE LY
CLOSE TO THE

STRESS LEVEL OF
19,000 PSi. THIS VUVRALUVE 1S
MARTERIAL  YIELD

PoinvT  EOT
ACCEFTARLE . THIS (oROiveg ConvidiTiond
REPRESENVTS BN BXTREME WHICH 1S rNeT
LIKELY TO

ateuR FREQUENTLY Durinve
TR AWE PORT,

DESIGN CALCULATIONS

[COMPUTED BY ! REFERENCE DWGS.-
Xxe
oare
HR'D oF oF

UNIOM CARBIDE CORPORATION SeT e ‘33 %

LINDE DIVISION ervr

TONAWANDA LABORATORIES Arrye D-
- TONAWARDA, ¥ ¥ 14152
) 1748
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Table 3—Computation Sheet for Local Stresses in Spherical Shells (Hollow Attachment)

1. Applied Loads®

3. Geometric Parameters

Rodial Lood, P _LEL fm o
Sheor Load, V,= 100 T —T. _114.3_
Shear Load, Va- 80 7 T 1.8¢
Overturning Moment, My 3%&00 T
Overturning Moment, My M u ro 1.2
Torsional Moment, M O \RmT
2. Geometry 4. Stress Concentration Factors
Vessel Thickneas, T = .:.H_.s__ls— due to:
Vessel Mean Radivs, Rm - L& _ membrane food, ko Lo S HOLLOW ATTACHMENT
Nozzle Thickness, ) bending load, Kb 1.3
Nozzle Meon Radius, T, _g‘-\_’l NOTE: Enter all torce volues in Rm
Nozzle Outside Radivus, r, 3.31 accordance with sign convention
From Read curves Compute absolute values of STRESSES — if load is opposite that shown, reverse signs shown
Fig. for stress and enter result + Ay AL Bu BL Cu CcL Du DL
i LU ke (%2T). £ +186 |+ I8¢ |+ 186 |+ 186 |+18 |+ 18 |+ 18 {186
’ . )S8 P T2
L3 x P
} oo () & +192 [« 192 |« yz = 1yz |+ 1wz [= vz vz - iye
. 0232
SM--1 ¢o 10 TvRmT NxTy RmT M
"~ = :\ba EVE Kn (T—‘ o'rz\ Rn:T ~3267 |- 3267 | 3269 +32{’?
T Mxy R o) SM,
oy L I ( M) m ) et ~15,ye0 | + 1S ;yc0| +ISYoO | <18 Y0
“o323 ' :
NxTy Rm¥ &T\m) L T } .
T Kn ( ", T2y RmT o o @i ©°
M RaT | (BT ) e | o | : -
Add algebroically for summation of 7 x, - -).318 & Yy 4 Uty 3+ Yy —l_m H g | 19000 -2 joo
B L O (.14 R +228 |+ & |+228 [+7228 |+228 |+128 |+228 |+28
< 19y
P
My _ w (B) 22 +6T [= 6T |+67 |+~e3 [+67 |=CT |+69 |-CF
Y (T.ony A ‘
SM=1 1010 | g 1\ Rl ‘- (NyT\ m) M ~7530| - 1S3P| -0 | 7530
’{'083 M, T2y RmT
= RmT 6M,
) LA (“Y; RmT ) == 970 | +N20 |- 9170 | -9 70
10192 ‘ Ty Re
Ny T\ ' N_vT\RTl) . - - :
BT ( M, T2\ RmT ° ° e °
My\m (My\ Rm¥ ) . &M, , . .
7 M b M, T2\ RmT ° 4 < ©
Add algebraicolly for summation of ay, - +297 | =18 +297 1—159 |=i16Y%0q +-1800|+17cm | —1Sc0
Shear stress due . V.
m::cd,'v\ ' Tro T & Ay U9 ‘G ‘g
Sheor strass dua v
1o lood, V, e 2 o e e
2ar stress due M
?: 'ou-'on, Md' 27, ‘—\'_ = o o (=] ' o o4 < o ©
Add algebraically tor summation ot
COMBINED STRESS INTENSITY, §
dhen t, & ¢4, hove like signs. S '.{u. v RLARN ) 4]
When. O S largestefiry w, ar fu o 19000
Hhen & <7, hova wnlike signs S\ o, ) 4
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THE STRESS LEVEL AT THE STAIWLESS STEESL
WELDED JoOoIivT BETWEEN THE NECK TJTORE AwvD
SULPPORT FLANGE wikl (E OETEKMIVED.

/—-SUPPORT‘ FLANGE
0.258B W,

f_

5.663 W,

4

.&/:7,500 in, - LBS,

SVUPPORT FLANGE LAYOLT

”
REGION £.5¢3 " LiA.

oF £ LLE.T’ -
WELD //
/

f "5” Qiﬁ ]
:g: §
1‘ i\ v [0
s N g"a.c. 13, 1A, & HOLES
\ \\ 3" BOLTS
N )% " Aeross
‘\ ‘2. as.” E'C,
8.000
5.563
EBTES) P APPROX. SPRCE AVMILARLE
2 ? ‘;:‘387“ aL.’.:s_.’_:_é_ ROR EILLET wELD °®
) P53 1,218 = .63 = 0 655 Ty,
DESIGN CALCULATIONS z{?_" REFERENCE DWGS.:
UNION CARBIDE CORPORATION " et o 257 or  Y(
LINDE DIVISION RS
TORAWANHDA LABOBATORIES
TONAWANDA, N.Y. 14152

FM L1744
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STRESS AT THROAT OF FILLET WELD
C.66 m REF: WELDING HANOROOK,
o 3d ed. 3 .0 IS¢~ , 19S0

ASSUME A 4" FILET wWELD

S.ee(vnse0) | 060 Psi.
304628 6.£763)

Rean
\

SHERARIVG STRESS 1IN FOUSION BONE OF WELD
mM
howt T
477, 00
."’i‘?(s.s—csy (3.09)
2

Ss':—

= 7,820 esf,

MAXImum STRESS AVD OEFLECTION . OoF A SCLIO
PLRATE AS SHOWK RELOW

REF: STREMETH OF MATERIALS, TEMOSHEWKOD,
3nd Ed., VAN NOSTRAND (0., 1986, PP 13-y

4——0;—-»‘ e b K €
Py max W
Q - 3 N p 2.
N i N \ W = b ==
§ ! N
¢ MWiax. &
DESIGN CALCULATIONS "°§’;§ ™' | REFERENCE DWGS.:
UNION CARBIDE CORPORATION T e 26 o Yg
LINDE DIVISION
TONAWAMDA LABORATORIES
TONAWANDA, K. Y. 14152

R L-174-8
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#
k¢

A = COSFRIGENT ( TRBLE &, P64}
WHERE | h
' P
E

= PLaTE THICKMVESS ( O.7& 1m.D
= TOTRL LoAad ( 127§ LWe
= MoDuLus OF ELASTICITY { 30,000, OO0 @)

o/ = &-12€/ 2.78 = 2.2

(Assom & 3 08  DOESIGM )
WAG Y] .
= =S B S 1.
Tﬂ"&& (o —7§> W !S‘@Q ? !
el '(é,alg)?' .
Whay = 0.0% = O.0p03R A,
. BoXio® { ,')g) 3

THESE FIGLRES OO  WeT  1RCLLOE. THE PRESENCE OF
BOLT HOLES LWITHINY THE PLATE KUT 0OC SHow A/ VERY
Low LT RESS RAVO  OEFLECTION LEVEL FofR THe SOl

PLATE,
DESIGN CALCULATIONS [yaee | ErERERes DWaS.
UNIDH CARBIDE CORPORATION szerne. 27 o v
LIRDE DvVISIDR PRI
TONAWAMDA LABORATORIES
- TORAWAHDA, ®. V. 14152

F B L174-4
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Trem ( NEaTuURS L

FREGUENCY

" MECHRIVICAL VIBRBTIONS
DEN

REFEREMNCES ,
HARTOG , Ne GRAW HiLL, 195¢
FORMLLAS FoR STRESS ANMVD s‘TRH\w“)

RAYMOMD I, ROARK, Mec GRAW HILL,
968

"

THE TAMNK HAS BEEN MOOELED RS B LARGE SPRIVG
CONNECTED MASS FOR ComPUTATION PURPCSES .

oy S D e s D s D D

} /’ . I \\\
M ‘! % ASSLME «E—!- oF
A $ T HEMISPHERE mMASS
S ) i ACTS 1V VIRRATION
""‘-. \\ 2 ,1
} AN 4
\\ P d

T s e i 0 ot oottt S

FOR LONGITLOMVAL VIBRATION

130

W, = A
(m*'m/s)
WHERE W, = WATURRL FRERUENCY
Mm = MRASS OF TAMYK
M = MASS OF WECK TOURE fLus
EFFECTIVE MASS OF SHELL
A = SPRIVE COMSTRA VT
. kN
me W (174109 +10) LBSm - o.3ca LB8Ss - Sec
Qe 8L L8S,- W o,
LSS;“SQQ‘L
L3
(5 + 1+ 45+ 10)
= AN, AT, = = O.i8%2
m " > 38L
= | MPUTED BY g
DESIGN CALCULATIONS LRE. REFERENCE DWGS.-
DATE
UNION CARBIDE CORPORATION serrio 28 o Y4
LINDE DIVISION w1
 TOMAWAMDA LABORATORIES ad
- TOMAWAMDA, # Y 14152




A=
L

SPRING CONSTANT OF mECK TURE
P RE
e

’e

it

COMVSIDER THE TURE To ®RE C&"wes x 9'L6
CONSTRUCTED o©of STEE LW

THEWD = T .
’ é:q'if_(g.gu)——(s:os) ](3OX!0 )
= ,26 x10° 8%/,
A, = SPRIVG COMSTAVT OF HEMISPHERE
COMSINER LORAQY CONCEVTRATEDS O CIRCULAR  AXER
CF RADILS Y, . VERTICAL SOUPPORTS WITH EOGES
VEITHER HELD Mok FIxeo,.
’ T
A= B o ét REF. RORAK , Pq ZoM,
N ?’ a Case ® 20
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Table 2—Computation Shest for Local Stresses in Spherical Shells (Solid Attachment)
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TANK ACCEPTANCE TEST PLAN

I. OBJECTIVE

In order to verify the validity of the structural analysis of the Model
Test Tank, Linde plans to perform the following tests as provided for in the
Task II Work Statement.

A, Helium leak test
B. Proof Pressure (hydro) test
C. Static dead load test

1. Axial
a. Flange down {compression)
b. Flange up (tension)

2. Cantilever

D. Vibration Test
E. Final Helium Leak Test

The various tests and acceptance requirements are described below. Tests
are to be performed in the order listed. The fill and vent lines on the flange
assembly (Linde P. N, SK-106415) will be temporarily sealed (by welding) for all
tests. Evacuation, proof testing, etc. will be via the two 1/2" NPT Relief valve
ports. The relief valves will not be installed during any test. Tank qualifica-
tion is dependent upon achieving a satisfactory helium leak rate before and after
completion of the acceptance test program, unless obvious structural failure occurs.
Stress coat (Magna Flux Corporation) and accelerometers will be located on the test
tank, per sketch Figures 45, 46, 47 and 48.

TI. DESCRIPTION

A, Helium Leak Test

The model tank (Linde P, N. SK-106298) and flange assembly (Linde
P. N. SK-106415) will be mated and leak checked as an assembly. The tank will be
evacuated with the cryogenic f£ill and vent lines temporarily sealed. (Prior to
final assembly, the dissimilar metal joint/head transition piece weld will be
helium leak checked.) An acceptable total leak rate is 1 x 10-7 std cc air per sec
or better.

B. _ Proof Pressure (Hydro Test)

The model tank (Linde P N. SK~106298) and flange assembly (Linde
P. N. SK~106415) will be evaluated using clean water and suitable pressurizing
equipment to achieve a test pressure of 115 psig. (1-1/2 times the 75 psid internal
pressure requirement.)
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C. ~ Static Dead Load Tests

1. Axial (Vertical) Static Test

(a) The model tank will be tested in a flange down tank axis
vertical position, thereby loading the support pipe in compression. The tank weight
will be increased 50% over the anticipated 8.5 g loading (2.5 g acceleration, + 6 g
vibration) during dynamic testing.

() The model tank will be tested in a flange up tank axis
vertical position, thereby loading the support pipe in tension. The tank weight
will be increased 507 over the anticipated 3.5 g loading (+ 2.5 g acceleration plus
the = 6.0 g vibration, or 3.5 g tension during dynamic testing).

2. Cantilever (Horigzontal) Static Test

The model tank including vibration adapter, will be tested in
a tank-axis-horizontal position, thereby submitting the support pipe to a bending
load. Tank weight is to be increased by 50% over that expected during testing of
model tank 1/2 full of liquid nitrogen at a 1 g loading.

D. Vibration Test

The model tank, flange assembly, and vibration adapter will be
vibration tested in a tank axis horizontal position using a horizontal slide table
with end input. The tank will be cantilevered off of the flange end. Test range
will be from 20 to 150 cps, to a maximum 10.0 g sinusoidal vibration level in the
test axis. Maximum acceleration in any other axis not to exceed 5.0 g.

E, Final Helium Leak Test

A second helium leak test will be performed after all other proof
tests, static and dynamic, are completed. An acceptable total leak rate will be
1 x 1077 std cc air per sec.

ITT. TEST SET-UP

A, Heljum lLeak Test

The model tank (Linde P. N. SK-106298) mated to flange assembly
(Linde P. N. SK-106415) will be leak checked as an assembly. The assembled unit
can be suspended from the model tank transporter (Linde P. N. SK-106293) during
test. The unit will be connected to a leak detector, and a helium leak rate will
be determined after the system has been evacuated to 100 microns of mercury absol-
ute or less. A bag test whereby the entire evacuated unit is surrounded by helium
gas (contained in a plastic bag) will be employed.

B. Proof Pressure (Hydro) Test

The model tank (Linde P. N. SK~106298) and flange assembly (Linde
P. N. SK-106415) will be hydrotested as an assembly. The assembled unit will be



up-ended in the model tank transporter (Linde P, N, SK-106293) during the test.
Fluid taps will be via the relief valve ports (1/2" NPT).

C. Static Dead Load Tests
1. Axial (Vertical) Static Test

(a) The model tank, flange assembly and vibration adapter
assembly will be mounted in the model tank transporter (Linde P. N. SK~106293), in-
verted to a flange down position, and lowered to the floor. Suitable stands of ap~
propriate height should be placed under the transporter head frame work for sup~
port to prevent tipping. Prims ; Dt

section (Linde P, N. SK-10§29g57resting on the.floorrﬂmrrﬂwﬂrr

The test weight on the support tube is to be increased to
1.5 times the empty tank weight when subjected to a 8.5 g loading. (The 8.5 g load~
ing is arrived at by considering the 6.0 g vibration level plus a 2.5 g accelera~-
tion level per contract specifications. From "Summary of Weights” Progress Report
No. 5, Appendix I, page 9 of 46, the applicable tank weight consists of items E,
F and G for a total of 136 pounds.

Therefore, the total required support tube loading is
136 1bs. x 1.5 x (2.5 + 6.0 g) = 1730 1bs.

A summation of the tank weight (136 1bs.) and the weight
of the contained water - 1173 1bs. (140 gallons) yields an available total weight
of

136 + 1173 = 1309 1bs.

Thus, subtracting the available weight (1309 1lbs.) from
the required loading (1730 1bs.) yields a required add on weight of

1730 1bs. minus 1309 lbs. = 421 1lbs.

(b)* The model tank and flange assembly will be mounted in the
model tank transporter in a flange uyp position. The test weight on the support tube
is to be increased to 1.5 times the empty tank weight when subjected to the antici~
pated 3.5 g loading. (The applicable tank unit is 136 lbs., see section III, C,

1, a.) Therefore, the total required support tube loading is

136 1bs. x 1.5 x (2.5 g - 6g) = 715 1bs. tension

Thus, subtracting the empty tank weight from the total
required loading,

715 - 136 = 579 1bs. water
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it is determined that 579 lbs. of water must be added to the tank. Therefore, it
will be necessary to add 70 galloas (585 1bs.) of water to the tank.

2. Cantilever (Horizontal) Static Test

The model tank, and vibration adapter, will be tested in a
tank-axis~horizontal position.

The test load on the support tube is to be increased to 1.5
times tank weight, when 1/2 full of liquid nitrogen. (Expected dynamic loading in
direction normal to tank axis is 1 g due to gravity.)

Therefore, the total required support tube loading is 136 1lbs.
(tank) plus 70 gallons of liquid nitrogen (140 gallons total capacity) times 1.5
which is 1.5 (136 + 70 (6.7 1lbs./gallon)) = 908 1bs.

Thus, subtracting the empty tank weight from the total required
loading,

908 - 136 = 772 1bs.

it is determined that 772 lbs. of water must be added to the tank. Therefore, it
will be necessary to add 93 gallons (775 pounds) of water to the tank.

D. Vibration Test

The model tank, flange assembly, and vibration adapter will be vib-
ration tested in a tank-axis-horizontal positiocn only. The unit will be attached
tc a horizontal slide table, which will be driven by the vibration machine. The
model test tank unit will be cantilevered from the flange end, thus producing the
same vibration loading as that expected during testing on the Launch Phase Simulator
at NASA Goddard. The test range input will be extended to 10.0gsinusoidal in the
test axis, thus exceeding the expected vibration lcading of 6.5 g plus 2 g accelera~-
tion. (Acceleration in any other axis not to exceed 5.0 g.) The frequency range
will be varied between 20 and 150 cps. (Total assembly weight is ~ 300 lbs., over-
all package dimensions are ~ 34 in. diameter by ~ 85 in. long.)

Two tri-axial accelerometers will be used. One of the accelera-
meters will be mounted on the model tank flange, and the second accelerometer will
be mounted at the center of gravity. The accelerometer mounted on the model tank
flange shall be used to monitor and control the vibration input. Crosstalk between
the three axes. of the unit will be observed on the accelerometer placed at the tank
center of gravity.

E. Final Helium Leak Check

The second and final helium leak rate will be determined after all
other proof tests are completed. For description, see details as described in
Section IIIA.



IV, TEST PROCEDURE

A, Helium Leak Check

(1) Place the model test tank (Linde P. N. SK~106298), including
flange assembly SK-106415) in the model tank transporter (Linde P, N. SK-106293).
{Install a new gasket, 0.125" thick 1100 series aluminum, between the model tank
and flange assembly and torque bolts to a minimum of 100 ft. 1lbs.) Connect a
Veeco M5-9 helium leak detector to the tank via one of the relief valve ports
(1/2" N.P.T.), and plug the second port (also 1/2" N.P.T.) with a pipe plug.

(2) Evacuate the test enclosure below 100 microns pressure.
(3) The leak detector scale is zeroed.

(4) The standard leak unit mounted on the Veeco unit is opened
into the system, causing the leak detector scale to indicate the number of units
proportional to the standard leak.

(5) Record this value of scale reading for calculation of leak
rate.

(6) Valve off the standard leak unit from the system and note that
the detector scale returned to zero.

(7) Enclose the area to be leak tested in a plastic envelope con-
taining helium at atmospheric pressure.

(8) Record the steady-state value of the scale reading for calcu-
lation of leak rate,
(9) Calculate leak rate.

std-cm3 air _ steady state detector scale reading (unit)
sec standard leak detector scale reading (unit)

Leak Rate x

3 .
. d-
Value of standard leak (ﬁLg—ifz_éLL)

Sample of Calculations:
Given:

Steady state detector scale reading = 20 (unit)

Standard leak detector scale reading = 6 (unit)

Value of standard leak = 2,8 x 108 std.cc air/sec.
Leak rate = 20 x 2.8 x 10°8 N 8 std-cm3 air

6 = 9,3 x 10~ e
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B, Proof Pressure (Hydro) Test

(1) 1Install the model test tank P N. SK-106298, including flange
assembly SK~106415 and vibration adapter assembly SK-106294 in the model tank trans-
porter SK-106293. See Figure 45,

(2) Install a vent line through one of the two 1/2" NPT ports in
the flange assembly. Cut the inserted end of the vent line at an angle to assure
an open passage when the vent line is bottomed against the tank. Install a fill
and drain through the second 1/2'" NPT port on the flange assembly. Extend both the
vent and the fill/drain lines through one of the 5" diameter access holes on the
vibration adapter.

(3) Invert the transporter/tank assembly, into a flange down posi-
tion, tank axis vertical, and lower to the floor. Primary support is to be obtained

through the vibration adapter. Place stands of appropriate height at the cornmers
of the transporter to achieve stability. Tank must be level.

(4) Apply stress cost per sketch, Figure 45,

(5) Fill the tank with clean tap water, noting quantity by use of
a totalizing water meter. Fill tank until water is observed flowing from the vent
valve.

(6) Close the vent valve.

(7) Attach pressurizing equipment and slowly raise pressure to

115 ps1g (minimum pressurizing time - 2 minutes). Maintain pressure for 15 min-

utes, observe and record stress coat analysis.

(8) Release pressure and drain tank.
C. Static Dead lLoad Tests

1. Axial (vertical) Static Test
(a) Tank Assembly - flange down

1. Tank assembly remains in the inverted position after
completion of the proof pressure test. That is, the tank assembly is mounted in
the transporter, inverted and setting on the floor, with primary tank support being
achieved via the wvibration adapter. Tank plumbing is also the same as that used in
the proof pressure tests.

2. Apply stress coat per sketch (Figure 45),

3. Construct a temporary wood platform within the head/
skirt structure, fill tank with water, and add necessary weights. The weight of the
platform and add on weights is to total a minimum of 421 pounds.

4. Observe and record stress coat analysis.

5. Remove extra weight and platform, and drain the water
from the tank.



b) Tank Assembly - flange up

1. The model test tank and flange assembly is mounted
in the tank transporter flapnge up. Tank support is achieved entirely via the
flange bolted to the transporter. Tank plumbing is the same as that used in the
proof pressure test, except that the fill and vent functions are reversed.

2. Apply stress coat per sketch Figure 46,

3. Add 70 gallons of water to the test tank as measured
by a totalizing water meter.

4. Observe and record stress coat analysis.

5. Drain the water from the tank by pressurizing the
vent line, and withdrawing via the fill line. Do not exceed 10 psig tank pressuri-
zation. '

2. Cantilever (axis horizontal) Static Test

(a) Position model Tank/flange assembly /vibration adapter to
a horizontal position and attach flange to support. (The flangecontains 10 holes =
7/8" diameter on 18" bolt circle.

(b) Reposition the temporary vent line inserted through the
1/2" NPT port to contact the top of the cylindrical portion of the tank. This will
allow filling the tank in the horizontal (test) position. Add a fill line through
the remaining 1/2" NPT port that contacts the bottom of the cylindrical portion
of the tank in test position. (This line will be used to pressure drain the tank
at the completion of the test.)

(c) Apply stress coat per sketch (Figure 47),

) Add 93 gallons of water (775 pounds) to the test tank as
measured by a totalizing water meter.

(e) Observe and record stress coat analysis.

(f) Drain the tank by pressurizing the vent line, and with-
drawing via the fill line. DO NOT EXCEED 10 PSIG TANK PRESSURTZATION.

(g) After the tank has been emptied, remove the temporary
£ill and vent lines, install the tank and vibration adapter in the transporter,
and invert the tank/transporter to a flange down position.

(h) Insert a 1/4" diameter line from an air heater through
one of the ports, and purge overnight with 250°F air.

D, Vibration Test

(1) Place assembly of vibration adapter SK-106294, flange assembly
SK-106415 and model test tank SK~106298 onto vibration machine as shown in Figure 48@
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(2) Testing will be at ambient pressure and temperature.

(3) Locate two triaxial accelerometers as indicated on Figure 48,
(Input control via flange accelerometer.)

(4) Perform the required vibration test as per the following, (Total
test time 30 minutes) =~ record accelerometer data.

(a) 20 -« 150 ~ 20 Hz cycled logarithmically from minimum to
maximum in 7-1/2 minutes & 1 g level. Note resonance points but do not dwell.

(b) Repeat above at 10.0 g level, (Maximum 11.0 g.) (NOTE:

ACCELERATION IN ANY OTHER AXIS NOT TO EXCEED 5.0 g.)
E, Final Helium Leak Test

(1) Repeat helium leak test as per Procedure of SectionIV, item

V. TEST EQUIPMENT

A, Helium leak Test

1. Helium Leak Detector required sensitivity of 1 x 10" stans
dard cc per second air,

2. Helium/air standard leak.

B. Proof Pressyre (hvdro) Test

-1, Hydro Test equipment similar to

Hydro Tester Model 9118 A
Watson Stillman Pressure Division
Roselle, New Jersey
2, Calibrated test gage - range 0 — 150 psig.
3. Stress coat - Magnaflux Corporation, Kit 102A, Chicago, Illinois,

4, Totalizing water meter similar to

_ Buffalo Meter Co,, C size, 100,000 gallon, 0 -~ 10 gallon scale -
1 gallon increment.

C. Static Dead load Tests

1. Stress coat.



2. Totalizing water meter (same as above),

D, Vibration Test

1. Vibration Testing Equipment capable of performing a vibration
test as specified in Section IIID. Similar to M. B. Electronics, Model €210,

. 2. Accelerometers and readout equipment similar to Triaxial Accel~
erometers composed of three MB Electronics Model 302 and related readouts.

E, Final Helium Leak Test

Repeat Test =~ same instrumentation as used and described in Sec=-
tion V-A,
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APFENDIX 7

CHURCH STREETsBOHEMIA, LONG ISLAND, NEW YORK 11716

22 April 1970 AREA CODE 516 589-6300

DTBO3R70-0587
J/N 8565

Union Carbide Corporation
Linde Division

P.0O. Box 44

Tonawanda, New York 14150

Attention: Mr. J. Neville
Subject: " Dynamic Testing of One (1) Tank, S/N 629
References: (a) Union Carbide Corp. Purchase Order

Number 825L43514
(b} Dayton T. Brown, Inc. Job Number 8565
{c) Union Carbide Corp. Test Plan,

dated February 1970

Enclosures: (1) Test Equipment List
(2) Vibration Test Graphs
(3) Typical Setup Photograph

Gentlemen:

This report presents the results of a Vibration Test performed on the above
subject as requested in reference (a).

The test item arrived at Dayton T. Brown, Inc. on 14 April 1970. Testing was
started on 15 April 1970 and was completed on 15 April 1970. The test item
was returned to Union Carbide Corp. on 15 April 1970.

Present during the test program was Mr. George Nies of Union Carbide Corp.

TEST PROCEDURE AND RESULTS

GENERAL

VISUAL RECEIVING INSPECTION

A visual examination was performed upon receipt of the test item at Dayton T,
Brown, Inc. Testing Laboratory. The test item was visually examined for any

evidence of damage due to shipping or mishandling. In addition, any apparent
abnormality observed in the condition of the test item was noted.



VISUAL RECEIVING INSPECTION (Continued)
The following anomalies were noted during the receiving inspection:

1) Minor scratches and tool marks on external surfaces of the unit.
’ Several nicks and gouges were also noted on unit exterior,

2) Viewing the tank from the neck with the thin wall stainless steel
tubing ports on the starboard side, several gouges were noted
approximately in line with tubing ports on the circumference of
the forward weld.
TEST INSTRUMENTATION
VIBRATION TEST INSTRUMENTATION
One (1) tri-axial response accelerometer (referred to as TPl) was mounted on the
test fixture adjacent to a unit mounting point and was utilized to monitor the in-
put vibration., A tri-axial accelerometer (referred to as TP2) was mounted on
the top of the test tank (reference photo 1 of enclosure 3), The output signals
of the control and response accelerometers were recorded on magnetic tape and
subsequently played back as X-Y plots of frequency versus acceleration. Data
playback was performed utilizing a 20 cycle filter from 20 to 150 cps.
TEST PHOTOGRAPH
A typical test setup photograph showing the test item during testing is presented
in enclosure 3.
TEST TOLERANCE
SINUSOIDAL VIBRATION TOLERANCE

Frequency - 2%

Amplitude - 10%
TEST METHODS AND REQUIREMENTS

The test item was subjected to the following testing as requested in reference
(a) and in accordance with reference (c).
VIBRATION TEST

The test unit, as shown in photo 1 of enclosure 3, was subjected to the following
vibration in the fore and aft test plane.

Test Frequency Applied Input
20 cps to 150 cps + 1.0g
20 cps to 150 cps + 10.0g

185
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VIBRATION TEST (Continued)

One sweep was performed from 20 cps to 150 cps to 20 cps in fifteen minutes
at each of the above two specified inputs.

The vibration input was limited by sensing the crosstalk response values at
the tri-axial response (on the unit only) and limiting the input uwtilizing
an Automatic Transfer Control when crosstalk response exceeded + lg during
the 1.0g scan and + 4.0g during the 10.0g scan.

VIBRATION TEST RESULTS

At the completion of the 1.0g scan, a visual inspection of the unit at this
time revealed a crack in the weld on the brace of the aft ring. The crack
was approximately 3/8 of an inch in length. The cognizant Union Carbide
representative stated that he was aware of this crack prior to testing and
was apparently overlooked during the initial receiving inspection,

There were no further anomalies noted during the remainder of testing.
Reference enclosure 2, pages 1 thru 6, for test graphs recorded during the
1.0g scan and pages 7 thru 12 for graphs recorded during the 10.0g scan.
If you require any additional information, please do not hesitate to contact
the undersigned.

Very truly yours,

DAYTON T. BROWN, INC.

20 o™

H. D. POMPONIO:
TECHNICAL ADMINISTRATOR

RB/jma
This report contains:
3 Pages
Enclosures: (1) Test Equipment List -
2 Pages
(2) vibration Test Graphs -~
12 Pages

(3). Typical Test Setup
Photograph ~ 1 Photo

DTBO3R70-0587 Page 3
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ENCLOSURE 1

Test Equipment List
2 Pages
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ENCLOSURE 2

Vibration Test Graphs

12 Pages
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ENCLOSURE 3

One (1) Photograph
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T OBROWN, INC. - TESTING LABORATORIES
ITEM:  TANK
TEST SN 629
UNIT SHOWN SECURED
AFT TEST PLANE
yHOTO FILE #: 4287 DATE:
ENCLOSURE: 3
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1. OPERATIONS PLAW

A. Introduction - A self evacuating multilayer insulation (SEMI)
system is being investigated for use on cryogenic spacecraft
propellant tanks. Previous efforts have demonstrated: the thermal
effectiveness of the system on cylindrical tankage. The
current effort will determine the system performance when applied
to practical cryogenic tankage (simulated Centaur tank) and
subjected to a typical launch environment. The launch environment
will be provided by the Goddard Space Flight Center Launch Phase
Simulator. The appropriate thermal performance tests, which are
the subject of this document, will be performed at Lewis Research
Center, Plum Brook - '"K-site'!,

B. Objective - The thermal evaluation of the Self Evacuating Multilayer
Insulation (SEM!) system at Plum Brook consists of three tests,
The objective of the first test is to determine the thermal performance
of the SEM! system in the as received condition. The objective of the
second test is to determine any system degradation caused by long term
exposure to a normal atmospheric environment and to provide baseline
system performance data prior to subjecting the SEMI system to a
simulated launch load profile. The objective of the third thermal
test is to determine the system thermal performance degradation due
to the launch environment.

C. Description of Research Package - The research package is illustrated
by Figure 49, Three basic items comprise the package. Item | '
is the insulated test tank. Item 2 is the isothermal shroud (currently
being used with LHy coolant under R3119). And Item 3 is the cold
guard to prevent spurious heat leaks from entering the test tank.
Because of the necessity to cool the SEMI panels prior to evacuating
the chamber, it will be necessary to prevent the vacuum chamber
atmosphere from condensing on the cold guard. The He system, schematically
illustrated in Figure 49, is accordingly provided to purge the region
surrounding the cold guard. (The chamber cannot be purged with He gas
since this would seriously affect the performance of the SEM! panels).

It is expected that the boiloff from the test tank during this

“initial cooldown phase will be approximately 1000 BTU/hr (5#/hr or 1000
SCFH). During the time when the chamber is evactuated, the figure

is expected to be a maximum of 200 SCFH.

D. Facility to be Used - The thermal testing of the SEMI system will be
performed in '"K" site Plum Brook. No other facilities will be
required, Due to the nature of the SEMI panels, the chamber
pressure cannot be reduced until a vacuum has been achieved in the
panels. Thus, the panels must be cold (condensing the CO, within)
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G.

(continued)

before chamber pumpdown is initiated. In addition, the

permeable nature of the panel materials precludes having a

pure helium environment in the K-site chamber. Thus, nitrogen gas must
be used to provide an inert environment during cooling. of the

SEM| panels, To prevent condensation and freezing of the nitrogen
gas, -the test tank LHp fill line must be insulated., 1In addition,
the cold guard will be purged with GHe since insulating that area
would be extremely difficult. Also, to provide a controiled
environment for the SEMI system during test, the 8' diameter shroud,
fabricated by ADL and currently being used with LH, coolant under
R3119, will be used with 70°F water.

The SEMI system testing in K-site thus dictates three minor
modifications to the facility. A GNz chamber purge must be
provided, a GHe purge and external vent capability must be
provided to the enclosed region exterior to the cold guard, and a
constant temperature water source must be provided to the
isothermal shroud.

Data acquisition will require no new equipment. The 30 KC SEL
Multiplexer System will be more than adequate. A maximum of 150
chanels will be required,

Test Setup - The test setup is shown in Figure 50. Only LHj

will be used for filling the test and guard tanks. The LN,

lines will not be used but are shown because they are presently-
part of the fill system., The pressures in the guard and test tank
will be controlled independently by separate ''closed-loop back
pressure control systems.''

Boiloff from the tank will Be determined by the use of a boiloff
meter., The expected flow rate (200 SCFH) is well within
the capability of the meters currently being used under R3119,

The shroud will be used to provide a constant temperature environment
around the test tank. Water, at a temperature of 700F + 10°F will

be supplied to the coils on the cylindrical portion of the shroud and
to the lower end cap. Water will not be circulated through the
upper cap of the shroud,

Instrumentation - The position and types of instrumentation on the
test tank is shown in Figure5l, All instrumentation types and
locations are given in Table 1.

- Test Conditions = The test series consists of three separate tests

which sre to be run under identical conditions. Each test will
consist solely of obtaining the steady state heat flux to the
insulated test tank with the K-site environmentai chamber
evacuated and 700F + 10OF water flowing through the sides and
bottom of the 8' shroud.
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He General Test Procedure - The test procedure for each test will be
as follows:

e

2.
3.
4,
5
6.

7.

13,
14,

16,

Check and/or zero all gas, liquid and electrical cbnnections
and equipment.

Start GN, environmental chamber purge.

Start 70°F + 10°F water flow through shroud.
Start GHe cold guard purge.

Establish LHy flow into test tank.

Monitor and record appropriate thermocouples and panel
vacuum gauges to determine SEM| panel internal pressure.

After SEM| panels have achieved pressures less than 0.1 torr.,
initiate pumpdown of the environmental chamber and the region
within the cold guard purge bag. Note: Monitor thermocouple on
flange surface to ascertain that temperature is above N, o
liquefaction point, |[f this temperature is lower than -310°F,
discontinue LH, flow and allow the flange to warm to =-3100F
prior to environmental chamber and cold guard purge space
evacuation.

Fill test tank with LH,.

Fill guard tank with LHj.

Top test tank and guard tank as required.

Monitor boiloff until steady state is achieved,

Retop test and guard tank and monitor boiloff for 4 to 8
hours to assure steady state conditions have been attained.
Empty all LH; lines and tanks.

Prior to significant warm up of the SEM| panels, back fill

the environmental chamber with GN2 and the cold guard purge

space with GHe or GNj.

Maintaining one atmosphere of GNy in the environmental
chamber allow.test hardware to warm to ambient temperature,

Stop 70°F + 10°F water flow and remove equipment.



l. Schedule -~ A detailed schedule is shown in Figure 52.

J. Pretest and Post-test Operations - Prior to the first test,
the insulated test tank will be shipped to Plum Brook from
Union Carbide/Linde Division. The system will be contained
in a transporter (Figure 53)which can be used for all handling operations,
To prepare the tank for installation in K-site, the following
operations must be performed for each test sequence:

1. Place purge bag loosely around test tank neck tube flange.
2. Clean cold guard flange edges.

3. Set cold guard and gasket in place on top of test tank
in transporter,

L. Bolt cold guard to test tank.

5. Apply adhesive (Narmco 7343/7139) to cold guard flange
edges and purge bag edges.

6. Pull purge bag into place,

7. Fix wooden clamp rings to both flangesto apply pressure
to bond line - allow to cure for 24 hours,

8. Leak check purge bag,

9. Apply a maximum of 6 thermocouples to upper area of test
tank surface and neck tube flange.

10. Insulate the LHy test tank fill line inside the K-site
environmental chamber.,

11, Install shroud and connect purge and electrical lines.

Post test operations would be identical but in reverse order,

" Between the second and third test sequence, two additional
operations are required. -After the second test, the two vacuum gages
installed in the SEMI panels must be removed and replaced with
aluminum plugs which will be provided as part of the test package.
After the test package is returned to Plum Brook for the third thermal
test, those vacuum gages must be reinstalled. The installation and
removal of the vacuum gages shall be performed with simultaneous
local €O, (Coleman grade) purging of the panel to avoid contamination
of the cryopump (CO2) gas within the panels. A mylar film taped to
the surface of the panel will be installed over the work area and shall
be fully purged before and during the operation.
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At the completion of all testing, and with the assistance of
Union Carbide personnel, the SEM! panels will be stripped from
Any evidence of damage to any

the test tank, opened, and examined.
of the components will be documented.

MANAGEMENT PLAN

The organizational and individual responsibilities for carrying
out all elements of the test program are listed below:

AO

Task Responsible
Station

Design & Fabrication

of Special Test

Eguipment

1. Design and install PB
GHe purge and vent
1ines

2., Procure or supply PB
clamps for purge bag
bonding frames

3. Provide GNy purge PB
capability for environ-
mental chamber

L, Provide constant PB
temperature water
supply for shroud

5. Supply purge bags, LeRC
bonding frames and
adhesive

‘6.

“Provide fill and drain LeRC

line assembly

Responsible
‘Division

Rocket
Systems

Rocket
Systems

Rocket Systems
Rocket
Systems

CRD

CRD

Responsible
Person

Je

Fairel]i
Cairelli
Cairelli
Cairelli
Faddoul

Faddoul



C.

Feo

Task

Test Hardware Assembly

I,

Install 6 thermo-
couples on outside of
test package

2. Apply purge bag to
cold guard and leak
check
3, Insulate LH, test
tank fill ITne
L4, Remove vacuum gages and
reinstall on _
return from Goddard
5. Instrument fill and
drain pipe with LL
sensors
installation of Research
Package
Assemble and install test
hardware in chamber
Reporting

Preparation of report
summarizing all SEM| test data

Test Operations

IO

2,

Facility preparation

Setup of computer in
control room for on-
1ine computation of
boiloff gas rates

Data Requirements

IG

30KC SEL multiplexer
system, Strip charts and
visicorder, and GE
Vacuum gage read-out

Responsible
Station

PB

PB

PB

PB

PB

PB

LeRC

PB

PB

Responsible
Division

Rocket
Systems

Rocket
Systems

Rocket
Systems

. Rocket

Systems

Rocket
Systems

Rocket
Systems

Chemical
Rocket Div,

Rocket
Systems

Rocket
Systems

Rocket
Systems

Responsible
Person

R,

Jo

JC

WQ

Rettman

Cairelli

Cairelli

Rettman

Rettman

Cairelli

Faddou)

Cairelli

Kuchmeier

Rettman
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Task Responsible
Station

F. (continued)

2. . Data reduction. LeRC
Obtain calibrated data
and terminal
calculations

Responsible
Division

Responsible
Person

CRD

J. Faddoul
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DIRS 02198
APPENDIX 9

TEST PROCEDURE
FOR THE EVALUATION OF THE
THERMAL DEGRADATION OF THE
SELF EVACUATING MULTILAYER INSULATION SYSTEM
DﬁRING A SIMULATED LAUNCH ENVIRONMENT

Prepared by:

Structural Dynamics Branch

Reviewed by: %f% /2 ://70

H. P.éﬁgrris Date
Flight Program Office

Approved by: A»e/% W ,7,///,/70

{ R. Faddoul Date
eRC Project Manager

Goddard Space Flight Center
Greenbelt, Maryland
July 28, 1970
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At the present time it is unlikely the LPS
will be capable of vibrating the test item to the
8.5g level as depicted in this procedure. Since
the maximum vibration level is not known and will
not be known until the onboard checkouts of the
vibration system have been completed, the 8.5g
level was left in the procedure. Once the maximum
vibration level is known the vibration test level
for SEMI will be adjusted to that level if it is
below 8.5g. There may also be certain frequencies
where it will be impossible to vibrate due to LPS
structural considerations. This will also be
determined at the time of the onboard checkouts.



GENERAL

Test Title: Simulated Launch Environment Thermal
Degradation Test on the Self Evacuating Multilayer
Insulation (SEMI) System

Test-Facility: Launch Phase Simulator (LPS) and
associated instrumentation and support equipment.

Applicable Document: Self Evacuating Multilayer
Insulation (SEMI) System Simulated Launch Environment
Thermal Degradation Test Program Plan Report, J. R.
Faddoul, NASA-Lewis Research Center

Job Order Number: 321-124-08-16-01

TEST OBJECTIVE

The purpose of this test is to determine if the
launch environment will degrade the thermal performance
of the SEMI system.

DESCRIPTION OF TEST ARTICLE
The test item will consist of the following:

(a) A 30 inch diameter by 60 inch long aluminum
cryogenic test tank to which the insulation
panels attach.

(b) SEMI panels consisting of alternate layers
of foam spacers and double aluminized mylar
radiation shiélds enclosed in a flexible
vapor barrier. Each insulation panel is filled
with gaseous CO;. The panels are attached to
the tank and each other with 3 inch by 3 inch
nylon Velcro fasteners. The system is sealed
on the outside with aluminum foil adhesive
back tape. During the testing, the insulation
panels will by cryopumped. This will be accom-
plished by filling the test tank with liquid
nitrogen. This will cool down the tank walls and
condense the COj contained in the insulation panels,
thus effectively evacuating the panels.
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(c) A vibration adapter by which the tank attaches
to the LPS wvibration end cap. The adapter
accommodates all necessary cryogenic plumbing
for filling and venting of the LN, .

4. TEST SETUP-

After uncrating of the test item and prior to any
testing, a complete inspection of the test item will be
performed by the members of the SEMI crew. Any damage
will be noted and still photographs of the damaged area
will be taken.

The test will be conducted utilizing the acoustic,
vacuum, steady-state acceleration and mechanical vibration
capabilities of the LPS. The test item will be mated to
the LPS vibration end cap and all instrumentation attached.
Section 10 contains the tank handling procedure. Upon
verification of all instrumentation, low level sine tests
shall be conducted on the LPS in the off-board vibration
mode. The purpose of these tests is to aid in finalizing
the vibration specification. After completion of the
tests, the end cap/test item combination will be rotated
90° to the horizontal and attached to the LPS test chamber
by means of the LPS loading vehicle.

5. TEST LEVELS

The desired test levels and profiles are shown in
Figures 54 through 58, The specifications for the wvacuum,
acoustic and steady-state acceleration environments are
within the capabilities of the LPS and should be met
with little difficulty. The desired vibration specification
is to maintain a constant 8.5g's from 10 to 100 Hz at the
test tank c¢.g. p; at the present time it is unlikely the
LPS will be capable of vibrating the test item to this
8.59g level. Since the SEMI test will be the first test
utilizing the on-board vibration capabilities of the LPS
and the on-board checkouts have not been performed at the
time of the writing of this procedure, there is limited
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knowledge as to the on~board capabilities. Off-board
vibration system checkouts have indicated that the

LPS vibration capabilities will be limited to a
maximum level of 5g's and a frequency range of 5 to

60 Hz for both on-board and off-board testing. At the
completion of the on-board checkouts these numbers may
change and the SEMI vibration specification will be
adjusted accordingly.

The following sections are written utilizing the

desired levels and not the expected levels.

TEST DESCRIPTION - DESIRED VIBRATION LEVELS

This test will be performed in one phase only,
subjecting the SEMI system to the combined launch environ-
ments of acoustic noise, mechanical vibration, steady-
state acceleration and vacuum venting as depicted in
Figures 54, 55and 56. The specified octave band acoustic
noise levels are shown in Figure57 and sinusoidal vibration
specification in Figure 58.

A four point vibration control shall be used for
this test with accelerometers located at 0°, 90°, 180°
and 270° on the shaker table at the base of the test item.
See Figure 59 for location of accelerometers.

Prior to the combined test, a number of low level
vibration tests will be performed in the off-board and
on-board LPS vibration mode. Since it is desired to
maintain a constant 8.5g's at the tank center of gravity
and we can only control at the base of the test item,
these low level runs will enable us to develop a vibration
specification which will meet this requirement. These
tests and the method for developing the specification
will be as follows:

225



(a) A %g sine survey in the X axis from 10 - 100 Hz
will be performed in the off-board LPS vibration
mode. The data recorded for the tank center of
gravity and input monitor accelerometers will
be analyzed. Transmissibility plots will be
made with the tank center of gravity accelerometer
as the denominator and the input monitors as the
numerator. From these transmissibility plots, a
vibration specification for maintaining a constant
4.25g's at the tank center of gravity will be
developed by multiplying the transmissibilities
by 4.25,

(b) A 4.25g vibration test in the LPS off-board mode
using the specification developed above will be
performed. The data from the tank center of
gravity and input monitor accelerometer will
be analyzed to insure that the 4.25g level
was maintained at the tank center of gravity.

If this level was not maintained, the necessary
adjustments to the specification will be made
and the test repeated.

(c¢) Once all off-board vibration tests have been com-
pleted, on-board vibration tests at %g and 4.25g's
will be performed with arm rotating at--5 RPM.

Any final adjustments will be made. If these
adjustments are significant, this test will be
repeated. The specification will be changed to
the 8.5g level for the combined erivironment test.

Upon completion of the low level tests, the SEMI tank
will be filled with LN, in order to lower the tank temperature
to between -280°F to -300°F. While this is being done, a
one-hour GN, (gaseous nitrogen) purge of the LPS test
chamber wil% be performed. When the tank reaches the
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desired level, the LN, will be drained from the tank, the
LNy lines disconnecteé and equipment removed from the

rotunda. The test then will be performed as per Test Run
Sequence (Section 9). After the test, the chamber will

be returned to atmospheric pressure over a half-hour interval
at a rate of approximately 24 torr/minute by backfilling

with GNy. The test item will be removed from the LPS

chamber and a thorough post-test inspection shall be

performed by members of the SEMI crew. Still photographs

will record all anomalies. The LPS chamber will be inspected
for any evidence of debris or insulation particles immediately
after the test.

INSTRUMENTAT ION
The instrumentation planned for the test is as follows:

Temperature

Twelve temperature measuring devices will be recorded
during the test. Six will be Rosemont temperature sensors
mounted on the tank wall and six will be copper-constantan
thermocouples, three each on two insulation panels. These
devices will be provided and installed by Lewis Research
Center and GSFC will be responsible for recording only.

Vibration

A total of fifteen accelerometers will be used during
the test. Four accelerometers (Endevco type 2224) will
be located on the shaker table at the base of the test item
to monitor the four control accelerometers. Two accelerom-
eters (Endevco type 2221D) will be mounted adjacent to
accelerometer number 1 oriented to measure the lateral
crosstalk vibration in the X and Z axes. A single accelerom-
eter (Endevco type 2221D) will be mounted on the shaker
table as a dump monitor. Three accelerometers (Endevco
type 2271A) will be mounted at the tank/vibration adapter
flange, measuring the response in the X, Y and Z axes.
Three accelerometers (Endevco type 2222B) will be attached
at the tank center of gravity measuring the response in
the X, Y and Z axes. Two accelerometers will be supplied
by Lewis Research Center and will be located underneath
the test insulation on the dummy support structure. Figure
6 shows accelerometer location and number.
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Acoustics

Five B&K (type 4136 or equivalent) microphones are to
be located in the LPS chamber as shown in Figure 60. Micro-
phone number 3 will be the control microphone.

Pressure

One CEC type 4-312, 0 - 15 psia pressure pickup will
be used to monitor the pressure profile inside the LPS
chamber. One 0 - 100 psi differential pressure transducer
will be installed on the Vibration Test Flange Assembly
to read internal tank pressure.

Visual

Two closed circuit television cameras will be located
in the chamber for real time observation of the test. Each
camera will be oriented normal toc the Y-Z plane and one will
look along the +Z edge of insulation, the other, the -z edge
of insulation. The output of both cameras will be displayed
in the control room and one camera's output will be recorded
on video tape. One 16 mm movie camera (film speed 64 frames/
second) shall be used during the test. Timing marks at
0.10 second intervals shall be provided on the film.

DATA ACQUISITION

Data from all transducers will be recorded on magnetic
tape during the test run. In addition the six Rosemont
temperature transducers, both the chamber and tank pressure,
and accelerometers 1X, 2X, 6X, 6Y, 6z, 7X, 7Y and 7Z will
be simultaneously presented on oscillograph. The control
microphone will be analyzed by octave bands and indicated
on oscilloscope.

All records will be fully labeled (as will the tape be
annotated) with the following information:

SEMI System - LPS Test
Date and Run Number



1o0.

Transducer and Number (i.e.,
accelerometer # 1X)

Channel Allocated
Exposed motion picture f£ilm from the test will be
promptly processed and examined. Three copies of the
film will be made and all film containers and reels will
be appropriately identified as indicated above.

DATA ANALYSIS

Temperature

Temperature versus time plots for each temperature
transducer are required.

Vibration

Filtered and unfiltered plots (g level versus freguency)
of each accelerometer response are reguired.

Acoustics

All microphone responses shall be presented as time
histories, i.e., Overall Sound Pressure Level (OASPL)
versus time. In addition, an Octave Band Analysis of the
response of each microphone during each stationary OASPL
interval is required. ©Narrower filter bandwidth analysis
may be specified for certain locations after inspection of
broad filter band data.

Pressure

Pressure versus time plots are required for both
pressure transducers. These will be presented as X-Y
plots with abscissa being time in seconds and the ordinate
being pressure in torr.

TEST RUN SEQUENCE

The following sequence will be followed for the SEMI
testing:



l. ©Uncrate and visually inspect the test item
prior to installation on the vibration end
cap.

2. Install microphones, pressure transducer,
movie camera and television cameras in LPS
chamber.

3. Attach test item to vibration end cap, as
per handling procedure (Section 11).

4. 1Install and check out all instrumentation
(except for three accelerometers on tank
center of gravity).

5. Connect LNy, £ill and drain and vent lines.

6. Cool inside of tank with LNy and attach
three accelerometers at tank center of
gravity.

7. Perform low level sinusoidal survey.

8. Reduce survey data and prepare 4.25g vibration
specification.

9. If required cool inside of tank with LN; in
order to maintain vacuum in panels.

10. Perform 4.25g vibration test in off-board
mode .

11. Reduce data and make any necessary adjustments.
Repeat 4.25 test if necessary.

12. Attach end cap/test item combination to LPS
test chamber. '

13. Connect external IN, plumbing.
14. start LN, fill.

15. Monitor Rosemont output until all sensors read
between ~280°F to -300°F.
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11.

le.

17.

20.
21.
22,
23.

24.

25.

26.

27.

28.

29.
30.

31.

HANDLING

The

Drain LN, from tank.

Disconnect plumbing and remove equipment
from rotunda and close doors.

Rotate arm at 5 RPM and perform %g survey
andrd:2b6g -vébration test.

Reduce data and make adjustments to
specification.

Repeat test if necessary.

Repeat steps 13 through 17.

Start recorders and initiate test programs.
At completion of test, stop recorders.

Start backfill of chamber with GN, at 24
torr/minute rate.

Monitor Rosemont sensors until tank warnmup
is complete.

Remove end cap/test item combination from
the LPS test chamber.

Visually inspect the insulation system for
any anomalies.

Inspect LPS test chamber for debris and bits
of insulation.

Perform post~test instrumentation calibration.
Disconnect plumbing and instrumentation.

Remove tank from end cap and recrate for shipment
to Lewis Research Center.
PROCEDURE

following is the SEMI test tank handling and attach-

ment procedure. The actual handling of the tank will be done
by members of the SEMI crew with GSFC personnel operating the
crane and providing necessary support.
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9.

Attach vibration test adapter to vibration
end cap.

Attach vibration test flange assembly to
test vessel flange.

‘Attach lifting rig to trunnion pins provided

for on the shipping containers for 1lifting and
handling.

Lift tank and shipping containers and invert them.

Position tank directly over vibration test adapter
and lower into position.

Attach tank to vibration test adapter with four
of the eight required bolts.

Remove bolts which hold shipping containers to
tank.

Remove shipping containers and store until test

'is completed.

Install the other four required bolts.

When removing the tank from vibration end cap the
above procedure is reversed.
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APPENDIX 10

_TEST PLAN -~ SUBSCALE VIBRATION TESTING, TASK I

In order to verify the validity of the structural analysis, Linde plans
to perform vibration testing of several subscale test panels, as provided for
in the Task I work statement. The tests are described below.

OBIECTIVE

The objective of these subscale tests are to evaluate the effect of
vibration on panels using punched hole polyurethane foam spacers and the
Velcro fasteners that are used to attach the panels to each other and to the
test fixture.

TEST PANEL DESIGN

One of the three test setups is shown in Figure 61.The second config-
uration to be tested will be the same except for the direction of shingle. The
vibration fixture is of a design that allows the 1 ft. x 2 ft. panel to be mounted
in a plane having the 2 ft. axis vertical as shown or placing the 2 ft. axis
horizontal. This will permit testing a particular panel for both directions of
shingle without removing the panels from the metal plate between tests.

By rotating the vibration machine 90°; it will be possible to test the panel

for conditions simulating the insulation applied to the bottom of the tank at

the Goddard tests, i.e. forced vibration applied parallel to the layers in
combination with a one "g" force applied downward and normal to the insulation.

Two dummy panels will be used to simulate panel shingling. A vacuum
common to both of the dummy panels and the test panel will be attained via an
evacuation port from the back side of the metal panel. The outer (test) panel
will be contact cemented directly to the front of the metal plate to provide a
vacuum seal. The exposed outside test panel casing will be 0.001 inch clear
Mylar rather than the 4-ply aluminized Mylar laminate. This permits visual
observation of the foam spacers and Mylar radiation shields during the test.
The test panel will contain six composite foam spacers and five Mylar
radiation shields. The dummy panels will contain five solid layers of 0.1 inch
thick open cell rigid foam separated by aluminized Mylar radiation shields.
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TEST SYSTEM COMPONENTS

Spacer Configuration

Each test panel will utilize the PT-6 punched hole configuration
(Contract NAS 3-7953), i.e. a three layer composite spacer consisting of
two .02 inch thick open cell rigid polyurethane foam layers containing
punched holes and one .02 inch thick layer of unpunched open cell rigid
polyurethane foam. The two punched hole layers are positioned relative
to each other such that support is achieved only at the intersection of the
two webs. The PT-6 configuration has 1~1/4 in. square holes located on
2 in. centers.

Panel Seal

The panels will be fabricated of a 4-ply laminate of aluminized
Mylar casing material and bonded together with contact cement. This
procedure will provide sufficient vacuum integrity for ambient temperature
vibration testing. This will also eliminate the necessity of making Narmco
adhesive joints, which are more complicated to fabricate, yet would not
contribute to these tests at ambient temperature.

PANEL-TO-PANEL AND PANEL-TO-TANK ATTACHMENT

Based on the results of the structural analysis, Velcro fasteners are
recommended for panel-~to-panel and panel~to-tank attachments to compensate
for deflections caused by thermal and evacuation considerations. The relative
motion between panels can be easily contained within the Velcro fastener and
will not place the panel casing in tension to the extent as would be experi-
enced if the SEMI panels were bonded intimately together with adhesive.

INSTRUMENTATION

Testing will be performed on a Unholtz-Dicke 1200 1b Model 56 vibration
machine. A Kistler accelerometer Model 808A;, Serial No. 538 mounted on the
plate as well as the machine mounted accelerometer Endevco type 2224C, Serial
No. JG-87 will be used to measure vibration loadings.

A 0 to 800mm Hg Wallace and Tiernan Model FA160, Serial No. FF 02100
absolute pressure gauge will be used to indicate panel vacuum during testing.
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TEST CONDITIONS

All vibration testing will be performed at ambient conditions. The
panels will be tested in three directions for either or both evacuated and

recovered insulation conditions.

The sweep time, frequency "g" level,

and range will be as follows for all tests, as listed below,

EXPLORATORY

One "g" sweep from 20 to 150 Hz in 60 seconds

Time (Seconds

0
20
30
40
50
60

Frequency

20
40
50
90
110
150

8.5 "g" sweep from 20 to 150 Hz in 60 seconds

Repeat above sweep

Test No.

Test No.

Test No.

Test No.

1

2

Panel Evacuated
Panel Recovered
Panel Recovered

Panel Recovered

Shingle vertical

Shingle vertical

Shingle horizontal

Shingle horizontal - traverse to

vibration - 1 "g" loading acting
normal to multilayer insulation
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FIGURE 61 SCALE MODEL DYNAMIC TESTING
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APPENDIX 11

VELCRO Fastener Qualification Tests

Results of the structural analysis of Task I indicated that a
rigid adhesive bonding system between panels and tank or panels to panels
would cause large stresses in the panel casing material, and would likely
lead to panel failure. Instead of the rigid system, the analysis indica-
ted that VELCRO fasteners would be acceptable since the fastener would
permit some slipping between panels, to allow for thermal and evacuation
stresses, while still maintaining panel placement. It, thus, became nec-
essary to qualify an adhesive system for bonding the nylon VELCRO to alum-
inum plates andMylar in addition to determining allowable stress levels
for the VELCRO loop and pile closure assembled at 15 psi. (The 15 psi
assembly pressure was chosen to simulate assembly of the panels equival-
ent to a one atmosphere ground hold condition.) Samples of VELCRO tested
in tension were assembled at a 50 psi in compressive load to determine
effect on the tensile strength achieved. 7Two adhesive systems were
tested, namely vendor supplied VELCRO adhesive backed (VELCRO No. SA-0145A)
and plain uncoated VELCRO using a urethane adhesive Narmco 7343/7139.

I. ADHESTVE JOINTS ~ PROCEDURE
A. Adhesive Backed VELCRO (VELCRO No. SA-0145A Coating)

VELCRO adhesive backing was wiped with liberal amounts of
MEK, allowed to become tacky (approximately three minutes) and then
placed on the clean substrate and allowed to cure overnight at ambient
temperature and pressure.

1. Carbon Steel Substrate

Roughened with emery cloth and wiped with MEK.
2, Alumipnum Substrate
Roughened on a wire wheel and wiped with MEK.

3. Mylar Substrate

Wiped with MEK.
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B. Narmco Bonded Joints

VELCRO

Narmco adhesive was applied to the 2 inch wide plain backed
strips by brushing, following a wipe with MEK.

The Narmco was mixed to the following proportions.

7343 100 gms.
7139 11 gms.

When adhered to the aluminum and mylar substrates, the samples were
cured at room temperature under 3 psi for 24 hours. Final cure was

obtained at O psi and 170° for 4 hours.

1. Aluminum Substrate

The aluminum was prepared for priming by roughening
with a wire wheel, and wiping with MEK.

A thin coat of Goodyear prime was applied by brushing
after mixing to the following proportions:

Goodyear 207B 100 gms.
Toluene 63 gms,
MEK 27 gms,
Goodyear 207C 4 gms,

2. Mylar Subgtrate

The Mylar was prepared for Goodyear prime by wiping with
MEK. A thin coat was applied by brushing. The primed aluminum and
Mylar substrates were cured at room temperature for 24 hours.

II., CLOSURE TESTS

The 2 inch x 2 inch samples of VELCRO were joint under 15 psi closure
pressure for all tests, with the exception of one run in tension using 50
psi closure pressure. Testing was performed using a calibrated 0 to 50 1b,
spring scale to determine statically applied loads. Testing included 90°
peel, shear stress and tensile stress. (See Figure 62) Samples were sub-
merged in liquid nitrogen for 6 cycles before testing.

III. FASTENER TESTS

Adhegive joint tests were performed on both the VELCRO adhesive and
the Narmco system. Tests consisted of shear and peel, (See Figure 63)
using a 0 to 50 1b. calibrated spring scale.
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APPENDIX 12

CASING MATERTAL PERMEABILITY TESTS

Casing Material Permeability Tests

Helium permeability tests were performed with the use of the
permeability tester shown in Figure 64.combined with a Vecco MS-9
helium mass spectrometer leak detector. The casing material to be tested
is cut to a 6 inch diameter disk. This disk is placed between a double
set of 0" rings in the permeability tester. The lower "0" ring provides
a vacuum seal between the sample and the tester, A porous bronze disk
provides support for the casing material sample when one side of the
sample is evacuated with the leak detector.

The procedure 6f conducting a permeability test is as follows:

The casing material sample is cut to the required diameter and placed
between the "0'" rings which are compressed from a seal by tightening the
wing nuts. The permeability tester is then connected to the leak detector
and a vacuum is pumped on one side of the sample. When the sample has been
pumped to approximately 1 x 10~ torr, the leak detector scale is zeroed and
a standard leak, mounted on the side of the leak détector, is opened into the
system, causing the leak detector scale to indicate the number of units pro-
portional to the standard leak, This value is recorded for use in the cal-
culation to determine the sample permeability. The standard leak is then
valved off from the system, and it is noted that the detector scale returns
to zero. To assure that the lower vacuum "0" ring seal of the permeability
tester is not leaking, a spray of helium is put around the outside of this
"0" ring. Any leakage would be immediately indicated on the leak detector
scale. After assuring that leakage is not present, helium is purged across
the top of the casing material sample through the tubing in the top of the
permeability tester. When the leak detector scale has reached a steady-
state value, this value is recorded and the test is thus completed. To
calculate the permeability of the test sample, the following equation is
used:

Atm cm3
Permeability of sample sec~ft

= Steady-state detector scale reading (units) X Value of standard leak (Atm cm3/sec)

Standard leak detector scale reading (units) Area of test sample (ftZ)
Note: The above equation assumes use of 100% helium test gas. The actual
permeability is inversely proportional to the helium concentration in
the test gas,

Example: For a 1% helium test mixture, the actual permeability is 100 times
the measured permeability,
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